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BRIEF ON APPEAL 

Hon. Commissioner of April 8, 2002 

Patents and Trademarks 
Washington, DC 20231 

Sir: 

This second Brief on Appeal (submitted in triplicate) is submitted in 
response to the Examiner's Communication mailed March 1 2, 2002. A first Brief on 
Appeal was filed on December 28, 2001 together with a Petition for a five-month 
extension of time and the appropriate fee, following the Notice of Appeal filed 



May 29, 2001 and the response to the Final Office Action mailed on 
November 29, 2000. It is believed that no additional fees are required for these 
submissions. However, should it be determined that additional fees are required or 
that any refund is due in connection with this application, the Commissioner is hereby 
authorized to charge the required fee(s) and/or credit the refund(s) due to Deposit 
Account No. 04-0100. 

1. The Real Party in Interest 

Thomas Jefferson University (TJU), Philadelphia, Pennsylvania, is the 
assignee of this application. Avax Technologies, Inc., of Overland Park, Kansas 
(Avax), has an exclusive license from TJU. Accordingly, Avax is a real party in 
interest. 

2. Related Appeals and Interferences 

There are no related appeals or interferences. 
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3. Status of Claims 



Claims 43, 44, 47, 49-62, 64-72, and 74-77 are pending and the final 
rejection of all of these claims is the subject of this Brief. A copy of the pending 
claims is attached as an Appendix immediately following this Brief. 

4. Status of Amendments 

Appellant filed an amendment May 29, 2001 in response to the Final 
Office Action dated November 29, 2000. The Examiner entered this amendment 
pursuant to the Advisory Action dated July 5, 2001 (copy attached as Exhibit 1). 

5. Summary of the Invention 

The present invention concerns a composition comprising human tumor 
cells (other than melanoma cells) conjugated with a hapten. 1 (Specification, page 8, 
lines 4-6; page 1 5, lines 4-9). Such haptenized tumor cells have been surprisingly and 
unexpectedly discovered to form an effective immunogenic component in a vaccine 
composition for immunotherapy of cancer of the type from which the cells were 

1 A hapten is a small molecule that, when conjugated to a carrier, can elicit a 
specific immune response. Preferred haptens include the highly reactive dinitrophenyl 
and trinitrophenyl groups. (Specification, page 15, lines 4-9). 
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derived. (Specification, page 1 1 , line 26 to page 1 2, line 1 ; page 1 7, lines 6-1 6). The 
haptenized tumor cells are prepared from tumor cells retrieved from the patient 
receiving treatment (i.e., they are "autologous"), and are haptenized and rendered 
incapable of growing in the body of a human before injection therein. (Specification, 
page 1 2, lines 1 -5 and 1 9-22; page 1 5, line 26 to page 1 6, line 1 3). 

In another aspect, the invention provides a method for treating a 
malignant tumor (other than melanoma) in a human patient by co-administering a 
composition comprising haptenized autologous human tumor cells, of the same tumor 
type as the tumor in the patient, with an adjuvant. (Specification, page 8, lines 6-10; 
page 11, line 27 to page 12, line 5; page 14, lines 3-20; page 15, line 20). The 
composition elicits at least one of the following responses upon administration to the 
patient with the adjuvant: an inflammatory immune response against the tumor of the 
patient; a delayed-type hypersensitivity response against the tumor of the patient; and 
activated T lymphocytes that infiltrate the tumor of the patient. (Specification, page 
17, lines 6-13; page 18, lines 6-13). 

In a further aspect, the invention provides a method for treating a 
malignant tumor in a human patient by co-administering a composition comprising 
haptenized autologous human tumor cells of the same tumor type as the tumor in the 
patient, along with an adjuvant, at least six times. (Specification, page 1 4, lines 7-1 8 
and 25-26; page 22, lines 22-26) . In still a further embodiment, the patient is given 
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a dose of cyclophosphamide prior to the first administration of the composition. 
(Specification, page 21, lines 23-25). 

The composition of the invention represents an advance over prior 
experiments involving haptenization of tumor and other cells for testing in animal 
models. (Specification, page 17, lines 3-16). Prior art experiments suggested that 
haptenization results in hapten-specific immunity and, in certain experimental animal 
models, could elicit immunity to unmodified cells as well. (Specification, page 2, line 
25 to page 4, line 28). However, the model systems left unresolved whether a human 
therapy was possible, as hapten-specific immunity would not be useful against 
metastasized tumor cells or tumor cells remaining after tumor resection, because the 
residual tumor cells in a patient do not bear hapten. 

The invention addresses a need in the art for an effective immunotherapy 
for tumors, especially non-melanoma tumors. (Specification, page 1 1, lines 21-25). 
Administering haptenized tumor cells unexpectedly increases the effectiveness of the 
resulting tumor-specific immune response, especially with six or more immunizations, 
resulting in a more effective immunotherapy. (Specification, page 22, lines 25-26). 
Most importantly, the inventor has discovered that the protective immunity is not 
hapten-specific, which the prior art suggested would be the case. (Specification, page 
1 7, lines 3-1 6; page 23, lines 9-1 1 ). 
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I 



6. Issues 



The only remaining issues in this application concern obviousness of the 
claims over various combinations of references as set forth below. 2 



a. Rejection over Murphy in view of '704 Patent, '843 Patent, '183 
Patent, or '001 Patent; Berd 1989; and Geczy 

Claims 47, 65-72 and74-77 stand rejected as allegedly being obvious (see 

paragraph No. 5 of the Final Office Action [Exhibit 2], referencing Paper No. 41 

[Exhibit 3], Section 5, pages 2-3 and Paper No. 36 [Exhibit 4], Section 10, pages 8- 

12) over Murphy et al. (Lab Invest 1990;62:70A; hereinafter "Murphy" [Exhibit 5]), 

in view of U.S. Patent No. 5,702,704 (hereinafter "'704 patent" [Exhibit 6]), U.S. 

Patent No. 5,626,843 (hereinafter "'843 patent" [Exhibit 7]), U.S. Patent No. 

5,008,183 (hereinafter "'183 patent" [Exhibit 8]), or U.S. Patent No. 4,232,001 

(hereinafter "'001 patent" [Exhibit 9]); Berd et al., (Proc AACR 1989:30:382; 



2 The Examiner withdrew the rejection of claims 43, 49-51, and 54-55 for 
allegedly not being enabled by the disclosure in the Advisory Action (Exhibit 1 ) in view 
of the amendment of claim 43 to recite that the composition of the invention elicits, 
when administered together with an adjuvant, an immune response. In a previous 
Office Action, the Examiner stated that the specification enables a method for treating 
a malignant tumor in a human patient comprising administering the composition of 
claim 43 (i.e., haptenized autologous non-melanoma tumor cells) and BCG (Office 
Action dated April 28, 1999 [Exhibit 4; Paper No. 36], paragraph No. 6). The 
specification supports this recitation, e.g., Examples 2 and 3 report eliciting a striking 
inflammatory response when the composition of the invention was administered 
together with the adjuvant BCG. Claims 49-51 and 54-55 depend from claim 43. 
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hereinafter "Berd 1 989" [Exhibit 1 0]), and Geczy et al. (J Immunol. 1 970; 1 9:1 89-203, 
hereinafter "Geczy" [Exhibit 11]). 

b. Rejection over Berd 1989 in view of '704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; and Geczy 

Claims 47, 65-72, and 74-77 stand rejected as allegedly being obvious 

over Berd 1989 in view of the 704 Patent, the '843 Patent, the '183 Patent, or the 

'001 Patent, and further in view of Geczy (see paragraph 6 of the Final Office Action 

[Exhibit 2], referencing Paper No. 41 [Exhibit 3], Section 6, page 4 and Paper No. 36 

[Exhibit 4], Section 1 1 , pages 1 2-1 5). 

c. Rejection over Berd 1989 in view of 704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; Geczy, and Wiseman 

Claims 43, 44, 47, 49-62, 64-72, and 74-77 stand rejected as allegedly 

unpatentable over Berd '89 in view of the 704 Patent, the '843 Patent, the '183 

Patent, or the '001 Patent; and Geczy, in further view of Wiseman et al. (West J Med 

1 989; 1 51 :283-288, hereinafter "Wiseman" [Exhibit 1 2]) (see paragraph 7 of the Final 

Office Action [Exhibit 2], referencing Paper No. 41 [Exhibit 3], Section 7, pages 4-5 

and Paper No. 36 [Exhibit 4], Section 12, pages 15-18). 
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d. Rejection over Berd 1989 in view of '704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; Geczy, and Berd 1983 

Claims 43, 44, 47, 49-62, 64-72, and 74-77 stand rejected as allegedly 

being unpatentable over Berd '89 in view of the '704 Patent, the '843 Patent, the 

'183 Patent, or the '001 Patent; and Geczy, in further view of Berd et al. (PASCO 

1983;2:56, hereinafter "Berd 1983 [Exhibit 13]) (Final Office Action [Exhibit 2], 

paragraph No. 8, referencing Paper No. 41 [Exhibit 3], Section 8, page 6 and Paper 

No. 36 [Exhibit 4], Section 13, pages 18-21). 

e. Rejection over Berd 1989 in view of '704 Patent, '843 Patent, 
'183 Patent, or '001 Patent; Geczy, Sanda and Moody 

Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected as allegedly 

being unpatentable over Berd 1989 in view of the '704 Patent, the '843 Patent, the 

'183 Patent, or the '001 Patent; and Geczy, in further view of Sanda et al. (J Cellular 

Biochem 1 993;suppl.1 7D:1 20, hereinafter "Sanda" [Exhibit 14]) and Moody et al. (J 

Urol 1991;145:293A, hereinafter "Moody" [Exhibit 15]) (Final Office Action [Exhibit 

2], paragraph No. 9, referencing Paper No. 41 [Exhibit 3], Section 9, page 7 and Paper 

No. 36 [Exhibit 4], Section 14, pages 21-25). 
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7. Grouping of Claims 

The claims do not stand or fall together. In this section, three groups of 
claims, designated Group A-C, with distinct patentability considerations are identified. 
In section 8 below, Appellant describes why the claims in Groups A-C are believed to 
be separately patentable. 

Group A: Claims 43 and 49-55. These claims are directed to 
compositions that have distinct features and patentability considerations. Within this 
group, claim 49 is directed to a Markush group of tumors that has distinct patentability 
considerations relative to the genus of tumors. In addition, claim 51 is directed to a 
specifically recited hapten. 

Group B: Claims 44, 56-62, 64, and 76. These claims are directed to a 
method for treating a malignant tumor in a human, which has distinct patentability 
considerations relative to the composition claims. Within this group, claims 56 and 57 
are directed to a Markush group of tumors that has distinct patentability considerations 
relative to the genus of tumors. In addition, claim 59 is directed to a specifically 
recited hapten. 
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Group C: Claims 47, 65-72, 74, 75, and 77. These claims are directed 
to a method for treating a malignant tumor in a human, which has distinct patentability 
considerations relative to the composition claims and to the other method of treatment 
claims because these claims (i) do not exclude treatment of melanoma tumors and (ii) 
require at least six administrations of the immunotherapy vaccine. The Examiner has 
rejected these claims for different reasons than the other claims, which further 
establishes that these claims stand or fall separately from the other claims. 

Within this group, claims 65 and 66 are directed to a Markush group of 
tumors that has distinct patentability considerations relative to the genus of tumors. 
In addition, claim 68 is directed to a specifically recited hapten. Finally, claim 70 
recites a specific regiment for administration of cyclophosphamide (CY). 

8. Argument 

The first part of this section summarizes the rejections as they pertain to 
each claim group, and some general considerations that are important to all issues 
raised in the Final Office Action. The second part of this section discusses each issue 
(i.e., obviousness rejection) separately, explaining why each claim group involved in 
the same rejection, where applicable, is believed to be separately patentable. 

Table 1 . Rejected Claims and Cited References 



Serial No. 08/203,004 
Second Brief on Appeal 



Docket No. 1225/0C674 
Page 10 



No. Reference Cited in Rejection Rejected Claims 







Group A 


Group B 


Group C 


a 


Murphy in view of Antibody 


_ 


76 


47, 65-72, 




Patents/ Berd 1989, and Geczy 






74-75, 77 


b 


Berd 1 989 in view of Antibody 


_ 


76 


47, 65-72, 




Patents* and Geczy 






74-75, 77 


c 


Berd 1 989 in view of Antibody 


43, 49-55 


44, 56-62, 


47, 65-72, 




Patents,* Geczy, and Wiseman 




64, 76 


74-75, 77 


d 


Berd 1 989 in view of Antibody 


43, 49-55 


44, 56-62, 


47, 65-72, 




Patents,* Geczy, and Berd 1983 




64, 76 


74-75, 77 


e 


Berd 1 989 in view of Antibody 


43, 49-55 


44, 56-62, 


47, 65-72, 




Patents,* Geczy, Sanda and Moody 




64, 76 


74-75, 77 



'Antibody Patents" = '704, '843, '183, and '001 Patents 



The relevant test for obviousness requires three basic factual inquiries: 
the scope and content of the prior art are to be determined; the differences between 
the prior art and the claims at issue are to be ascertained; and the level of ordinary skill 
in the art resolved. Graham v. Deere, 383 U.S. 1,17 (1966); Ruiz v. A.B. Chance 
Co., 57 USPQ2d 1 161, 1 165 (Fed. Cir. 2000). The relevant inquiry involves three 
steps. First, there must be some suggestion or motivation to modify what is taught 
in a reference or to combine reference teachings. Second, there must be a reasonable 
expectation of success. Finally, the prior art reference or combination of references 
must teach all of the claim limitations. Both the motivation and the reasonable 
expectation of success must be found in the prior art, not in appellant's disclosure. 
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See, MPEP § 2143, citing In re Vaeck, 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 
1991). 

As explained in detail below, the Final Office Action fails to establish a 
prima facie case for obviousness under these requirements because there is no 
motivation to combine the references, and, even when forcibly combined, they do not 
provide a reasonable expectation of success. 

In all of the rejections, the Examiner relies on the Berd 1 989 abstract as 
an allegedly successful example of treatment of melanoma by administration of DNP- 
conjugated autologous melanoma cells in connection with BCG and a preceding dose 
of cyclophosphamide. The Examiner also contends that it would have been expected 
that the autologous irradiated melanoma, lung, colon, kidney, and colon cancer cells 
of Wiseman ([Exhibit 1 1] discussed below) would be successfully substituted for the 
melanoma cells of Berd 1 989 to treat other cancer types (Final Office Action [Exhibit 
2], bridging paragraph between pp. 5 and 6). However, both of these conclusions 
depend on according more weight to the Abstract than one of ordinary skill at the time 
of the invention would have given it. 

To factually determine what a reference teaches one of ordinary skill in 
the art in implementing the Graham standard, the courts have relied upon affidavit 
evidence either by experts or those of ordinary skill in the art. See in re Carroll 202 
USPQ571 (CCPA 1979); In re Piasecki, 223 USPQ 785, 789 (Fed. Cir. 1984); In re 
Oelrich, 198 USPQ 210 (CCPA 1978). Furthermore, affidavits of those skilled in the 
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it 

art have been held to constitute factual evidence of the level of skill in the art. E.g., 
In re Piasecki, 223 USPQ at 789; In re Oelrich, 198 USPQ 210, 214-15. Such 
affidavits constitute competent evidence that cannot be ignored. See e.g., Ashland 
Oil, Inc. v. Delta Resins & Refractories, Inc., 227 USPQ 657, 674-75 (Fed. Cir. 1 985). 

Appellant has therefore addressed the teachings of this reference through 
the lense of one of ordinary skill in the art, Dr. Donald Braun, who attended an 
interview with the Examiner and her supervisor on January 5, 2000. 3 As set forth by 
the Braun Declaration [Exhibit 16] accompanying the response to the Final Office 
Action 4 , Berd 1989 does not describe a successful immunotherapy for melanoma 
(Braun Declaration, paragraph 7). On the contrary, it represents a preliminary result 
that raises more questions and ambiguities than it answers. Early animal work on 
tumor immunotherapy could not establish whether similar approaches could work in 



3 Dr. Donald Braun has a long career in the field of immunological oncology, as 
evidence by his curriculum vitae, attached as Exhibit A to the Braun Declaration 
[Exhibit 1 6]. There can be no doubt as to his qualifications as one of at least ordinary 
skill in the art. 

4 The Braun Declaration memorializes comments made by Dr. Braun during the 
personal interview with the Examiner and her Supervisor on January 5, 2001 , at which 
this application and a number of related applications by the same inventor were 
discussed. The points made therein reinforce scientific and factual argument 
distinguishing the prior art of record already made by applications. The Examiner 
agreed at the interview that Dr. Braun's Declaration would substantiate these points. 
However, for reasons unknown to the Appellant, the Examiner stated in the Advisory 
Action (Exhibit 1) that she had not considered the Braun Declaration "... because 
Applicant has not shown good and sufficient reasons why it was not earlier 
presented..." (Advisory Action [Exhibit 1], page 2). It had seemed self-evident that 
presentation of this Declaration could not have preceded the clarification of issues 
achieved at the interveiw. 
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humans (Braun Declaration, paragraph 8). The Abstract fails to provide a definitive 
protocol that would permit one to repeat the work, determine whether this approach 
elicited an immune response to unmodified cells, or establish that it achieved any 
clinical benefit (Braun Declaration, iff 9, 10, 11). 

Thus, since the primary reference, Berd 1989, fails to provide any 
expectation of success, i.e., clinical benefit, using the haptenized tumor cell approach 
in melanoma patients, this reference is completely irrelevant in providing any 
expectation of success for such an approach in other types of cancer. Since no other 
reference cited by the Examiner makes up for this fundamental flaw, nor the 
combination of them (see below), obviousness does not obtain. 

With these considerations in mind, we turn to each issue, and the specific 
grounds for rejection. 

a. The Rejection of Claims 47, 65-72, and 74-77 over Murphy in 
view of '704 Patent, '843 Patent, '183 Patent, or '001 Patent; 
Berd 1989; and Geczy 

The rejected claims are all part of Group C, except for claim 76, which 

is part of Group B. Claim 76 is directed to a method for treating a non-melanoma 

malignant tumor in a human patient by co-administering a composition comprising 

haptenized autologous human tumor cells of the same tumor type as the tumor in the 

patient, with an adjuvant. The broadest claim of Group C, claim 47, is directed to a 

method for treating a malignant tumor in a human patient by co-administering a 
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composition comprising haptenized autologous human tumor cells of the same tumor 
type as the tumor in the patient, along with an adjuvant, at least six times. As 
disclosed in Examples 3, 4, and 6 of the instant application, administration of the 
immunotherapeutic vaccine comprising haptenized tumor cells on at least six, and in 
most cases eight, occasions resulted in actual treatment of tumors, with statistically 
significant greater cancer-free survival compared to controls (who received non- 
haptenized vaccine) at two years. (Specification, page 29, lines 22-25). The 
difference was highly significant. (Id., page 30, lines 26-27; page 41 , line 24 to page 
42, line 8). 

i. The Examiner's Reasoning 

The Examiner states that Murphy teaches a method for treating melanoma 
comprising sensitizing with DNCB, administering a therapeutically effective amount of 
cyclophosphamide (CY), and administering a therapeutically effective amount of 
autologous, irradiated DNP-conjugated melanoma cells mixed with BCG adjuvant. The 
Examiner notes that Murphy does not teach administration of at least six vaccine 
doses at spaced intervals, a specific dose of CY (300 mg/M 2 ), prior sensitization with 
1 -f luoro-2,4-dinitrobenzene, or eliciting certain specified immune responses against the 
tumor. The Examiner cites the '704, '843, '183, and '001 Patents for teaching 
administration of at least six doses of antigen; Berd 1 989 for teaching a successful 
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method of treating melanoma with the specified dosage of CY using DNP-conjugated 
melanoma cells, and Geczy for teaching halogenated dinitrobenzenes for eliciting 
delayed type hypersensitivity. (Paper 36 [Exhibit 4], pages 9-10). The thrust of this 
rejection, then, is that it would have been obvious from the combined teachings of 
Murphy; the '704, '843, '183, or '001 Patents; and Berd 1989 to administer at least 
six doses of a haptentized tumor cell vaccine, and that various haptenization reagents 
can be used as described by Geczy. 

Appellant have previously argued that the references cannot be combined 
as suggested by the Examiner without employing impermissible hindsight from the 
disclosure of the invention. The Examiner contends that "[s]ome degree of hindsight 
is permissible in making rejections under 35 U.S.C. 103 since it must be recognized 
that any judgement on obviousness is in a sense necessarily a reconstruction based 
upon hindsight reasoning." (Final Office Action [Exhibit 2], page 3). 

ii. Appellant's arguments 

The teachings of Berd 1989 has been discussed above and in the Braun 
Declaration [Exhibit 16], noting in particular the lack of guidance and expectation of 
success of this reference. 
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As noted in Appellant's amendment filed September 22, 2000 on page 
14, paragraph 3.d, Murphy's teachings are cumulative to those of Berd 1989 in all 
aspects relied upon by the Examiner, thereby suffering from the same lack of guidance 
and expectation of success for the haptenized-tumor-cell approach in melanoma, and, 
of course, even more so in the case of non-melanoma tumors. 

The teachings and deficiencies of Geczy have been discussed in 
Appellant's amendment filed September 22, 2000, on pages 11-12, paragraphs 3.b.iii. 
Geczy proposes that direct haptenization of lymphocytes is necessary for lymphocyte 
transformation, thereby primarily relating to anti-hapten responses. Geczy does not 
pertain to cancer therapy. In addition, Geczy's anti-hapten responses would not be 
useful for tumor treatment, since they would attack the haptenized tumor cell vaccine 
itself instead of residual tumor cells. Thus, to the extent that the teachings of Geczy 
relate to those of Berd 1 989 and/or Murphy, they diverge and teach away from using 
haptens to elicit a protective immune response against unmodified tumor cells. 

With respect to the '704, '843, '183, and '001 Patents, their teachings 
and deficiencies were also discussed in the amendment dated September 22, 2000, 
pages 10-11, paragraph 3.b.ii. Since the teachings of these patents are substantially 
overlapping, they are hereinafter collectively referred to as the "Antibody Patents." 
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The immunization schedules proposed in the Antibody Patents result in 
the generation of antibodies against the antigens. Such antibodies can be useful as 
diagnostic reagents, but since the subjects do not develop protective immunity to the 
immunogen(and are not intended to do so), the Antibody Patents are irrelevant for 
immunotherapy treatment regimes. In fact, the Antibody Patents fail to suggest, and 
indeed teach away from, generating an immune response to a carrier, since the goal 
of the references is to elicit an immune response to a "carried" substance, i.e., the 
antigen, and not a carrier. 5 This is directly analogous to eliciting an anti-hapten 
antibody response against a hapten "carried" by a tumor cell. As pointed out above, 
such a result would be contrary to the invention, since an anti-hapten immune 
response would not affect residual tumor cells remaining after resection or metastasis. 
Thus, the Antibody Patents, as well as Geczy, teach away from a key point of the 
invention; the elicitation of an immune response towards unmodified tumor cells (the 
"carriers"). 

Finally, the Antibody Patents do not teach or suggest at least six 
administrations or immunizations for the treatment of cancer. No objective teaching 
thus exists in these patents that would suggest to or motivate one of skill in the art 
to administer antigens or antibodies to humans at least six times at spaced intervals 
in order to treat cancer. 



5 See, e.g., the '704 patent, column 13, line 38 to column 14, line 9. 
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In conclusion, there is no motivation to combine references that relate to 
immunotherapy of cancer and anti-tumor responses (Murphy, Berd 1989) with 
references which impliedly or explicitly teaches anti-hapten responses and do not even 
relate to cancer treatment (Geczy, Antibody Patents). Even when forcibly combined, 
however, there are no teachings about treatment of non-melanoma tumors, or about 
successful treatment of any tumor type, in this combination of references. 

iii. Separate Patentability Issues 

Claim 76 (Group B) cannot be obvious over the cited combination of 
references because (1 ) the references cannot be combined (see preceding section), and 
(2) the combination does not teach treatment of non-melanoma tumors, an explicit 
feature of the claim. 

The claims of Group C cannot be obvious over the cited combination of 
references because (1 ) the references cannot be combined (see preceding section), and 
(2) even if forcibly combined, there would be no reasonable expectation that six or 
more administrations of vaccine would yield a more successful tumor treatment as 
demonstrated in the Examples. If anything, the combined teachings of the references 
leads one of ordinary skill to predict that six or more administrations of a haptenized 
tumor cell vaccine would yield a stronger anti-hapten antibody response, e.g., as 
shown by the Antibody Patents. Such an outcome leads away from the Group C 
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claims in particular, as these claims all require at least six administrations of vaccine. 

Thus, there are different reasons for the non-obviousness of claim 76 and 
the claims of Group C over the cited combination of references. In addition, claim 76 
depends from claim 44, which was not included by the Examiner in this rejection. 
Accordingly, claim 76 and Group C are separately patentable. 

iv. Errors in Rejection 

The Examiner has made a number of legal errors to arrive at a conclusion 
of obviousness based on the combined teachings of these references, primarily by 
failing to properly articulate the Graham factors. For example, Examiner did not 
properly consider the scope and content of the prior art, and the differences between 
the prior art and the claimed invention. Ruiz, 57 USPQ2d at 1 167. The Examiner 
further failed to establish the level of ordinary skill in the art, Id. at 1 1 68, which 
Appellant has established through the Braun Declaration as well as through the 
references cited by the Examiner. 

With respect to considering the scope and content of the prior art and the 
differences between the prior art and the claimed invention, the Examiner failed to 
articulate "... a reason, suggestion, or motivation in the prior art or elsewhere that 
would have led one of ordinary skill in the art to combine the references." Id. at 1 1 67, 
citing In re Rouffet t 47 USPQ2d 1453, 1459 (Fed. Cir. 1998) and In re Dembiczak, 

Serial No. 08/203,004 Docket No. 1225/0C674 

Second Brief on Appeal Page 20 



50 USPQ2d 1614, 1617 (Fed. Cir. 1999). The Federal Circuit provides explicit 

guidance in Ruiz on the factual findings to make in determining a reason, suggestion, 

or motivation to combine: 

The reason, suggestion, or motivation to combine may be found explicitly 
or implicitly: 1) in the prior art references themselves; 2) in the 
knowledge of those of ordinary skill in the art that certain references, or 
disclosures in those references, are of special interest or importance in 
the field; or 3) from the nature of the problem to be solved, "leading 
inventors to look at references relating to possible solutions to that 
problem." 

Id. (citations omitted). The Examiner merely alludes to a "conventional immunization 
scheduled" (Final Office Action [Exhibit 2], page 4; Paper 36 [Exhibit 4], page 11) 
without providing any basis for linking a conventional immunization schedule for 
eliciting diagnostic antibodies to an immunotherapy regimen. 

The error here arises from the Examiner falling "into the hindsight trap." 
In re Kotzab, 55 USPQ2d 1313, 1318 (Fed. Cir. 2000). As the Court stated in 
Kotzab, "... to establish obviousness based on a combination of the elements disclosed 
in the prior art, there must be some motivation, suggestion or teaching of the 
desirability of making the specific combination that was made by the applicant." Id. 
at 1 31 6, citing In re Dance, 48 USPQ2d 1 635, 1 637 (Fed. Cir. 1 998); In re Gordon, 
211 USPQ 1125, 1127 (Fed. Cir. 1984). The Antibody Patents teach methods to 
elicit antibodies to the immunizing agent, e.g., a hapten-like compound such as an 
advanced glycosylation end-product (see the '704 patent, Exhibit 6). Geczy shows 
that haptenization results in hapten-specific immunity. Neither Murphy nor Berd 1 989 
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suggest at least six administrations of the immunotherapeutic vaccine, much less the 
advantages of doing so disclosed in the Examples of the instant application. Thus, the 
Examiner has "... found prior art statements that in the abstract appeared to suggest 
the claimed limitation...", Id. at 1318, but which, in fact, lack any motivation to 
modify the teachings of Murphy or Berd 1 989 to include that limitation. 

With respect to the level of skill in the art, which the Examiner relies on 
in making this rejection (Final Office Action [Exhibit 2], page 4), Appellant respectfully 
submits that the Braun Declaration and the explicit teachings of the references show 
that the level of skill in the art does not supply the missing teaching here. See A-Site 
Corp. v. VSf, 50 USPQ2d 1161,1171 (Fed. Cir. 1 999). "[T]he level of skill in the art 
is a prism or lens through with a judge or jury views the prior art and the claimed 
invention. This reference point prevents these deciders from using their own insight 
or, worse yet, hindsight, to gauge obviousness." Id. The Examiner has not 
established that the level of skill in the art is such that it would lead the skilled artisan 
to modify the teachings of Murphy or Berd 1989 as set forth in the claims. In 
particular, there is no incentive to administer vaccine six times (claims of Group C) or 
to treat non-melanoma tumors (claims of Group B). To rely on "conventional 
immunization schedules" is therefore in error. 

The Examiner cited two cases to support her analysis of obviousness. 
In particular, the Examiner points out that "[t]he test for obviousness.. .is what the 
combined teachings of the references would have suggested to those of ordinary skill 
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in the art." In re Keller, 208 USPQ 871, 881 (CCPA 1981) (Citations omitted). 
Appellant agrees, but points out that the Examiner must consider the references for 
all that they teach; it is impermissible to consider a reference in less than its entirety, 
or to disregard disclosures that diverge and teach away. W.L. Gore & Assoc., Inc. v. 
Garlock, Inc., 220 USPQ 303 (Fed. Cir. 1993), cert, denied 469 U.S. 851 (1984). 
Such teaching away, which is the effect of the Antibody Patents and Geczy reference, 
defeats obviousness. See Winner Int'l Royalty Corp. v. Wang, 53 USPQ2d 1580, 
1587 (Fed. Cir. 2000). Moreover, the prior art, and not the disclosure in the 
application, must both suggest the invention and provide a reasonable expectation of 
success in achieving it. In re Vaeck, 20 USPQ 2d 1438 (Fed. Cir. 1991). 

Correctly applying the foregoing legal principles, the references neither 
(1) suggest the invention, nor (2) provide a reasonable expectation of success. With 
respect to the claims of Group C, Berd 1989 and, by extension, Murphy, are 
inadequate to suggest modifying the immunization strategy to require at least six 
administrations of an immunotherapeutic vaccine. With respect to claim 76, the 
Examiner has not alleged any basis for rejecting a claim directed to treatment of 
tumors other than melanoma. Taken together, which as the Examiner has pointed out 
is how the references must be considered, the references do not render the claimed 
invention obvious. The Examiner's failure to properly consider the Graham factors, and 
the admitted use of hindsight to establish obviousness, represent error and should be 
reversed. 
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b. The rejection of claims 47, 65-72 and 74-77 over Berd 1989, the 
Antibody Patents, and Geczy 

This rejection also pertains to the claims of Group C, with the exception 
of claim 76 (Group B). The Examiner maintained this rejection for the same reasons 
described in the above rejection. For the reasons set forth above, the combination of 
Berd 1 989, the Antibody Patents, and Geczy, fails to render the instant invention 
obvious. Berd 1989, like Murphy, provides little to no information about method of 
treatment and therapeutic, which the Braun Declaration makes abundantly clear. In 
short, one of ordinary skill in the art would not have had any motivation to modify the 
teachings of Berd 1 989 to require immunization with the haptenized tumor cell vaccine 
at least six times, and none of the cited references teaches treatment of non- 
melanoma tumors. The same reasons for separate patentability applies here as in the 
previous rejection. The Examiner has erroneously failed to establish the Graham 
factors sufficient to render the invention obvious, and instead has substituted hindsight 
to sustain this rejection, both of which constitute error. See Ruiz, 57 USPQ2d at 
1 167-68. Thus, this rejection is in error and should be reversed. 

c. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd 1989, the Antibody Patents, and Geczy in view of Wiseman 

This rejection pertains to claims in all of Groups A, B, and C. The 
broadest claim in Group A, claim 43, is directed to a composition comprising human 
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tumor cells (other than melanoma cells) conjugated with a hapten. The tumor cells to 
be haptenized are obtained from the patient receiving treatment (i.e., they are 
"autologous"), and are rendered incapable of growing in the body of a human before 
injection therein. 

The broadest claim in Group B, claim 44, is directed to a method for 
treating a malignant tumor (other than melanoma) in a human patient by co- 
administering a composition comprising haptenized autologous human tumor cells of 
the same tumor type as the tumor in the patient, along with an adjuvant. The 
composition elicits at least one of the following upon administration to the patient with 
the adjuvant: an inflammatory immune response against the tumor of the patient; a 
delayed-type hypersensitivity response against the tumor of the patient; and activated 
T lymphocytes that infiltrate the tumor of the patient. 

The broadest claim of Group C, claim 47, has been discussed above. 

i. The Examiner's Reasoning 

All references and the Examiner's reasons for combining them have been 
discussed above, except for Wiseman. The Examiner contends that "Wiseman clearly 
showed that autologous irradiated melanoma, lung, colon, and kidney cancer were 
successfully used for successful immunological treatment of those cancers and it 
would have been expected that these cell types, already known in the art to be useful 
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as immunogenic cancer treatments would be successfully substituted for the 
melanoma cells of Berd [1 989] in order to treat the other cancer types." (Final Office 
Action [Exhibit 2], paragraph bridging pages 5 and 6). 

ii . Appellant's arguments 

The Braun Declaration addresses the teachings and deficiencies of the 
primary reference, Berd 7989, as discussed above. Briefly, Berd 1 989 lacks teachings 
with respect to any clinically significant tumor regression being observed, as well as 
the numbers and route of administration. (Braun Declaration [Exhibit 1 6], 119 and 11). 
Thus, one of ordinary skill in the art would have presumed that Berd 1989's 
haptenized tumor cells and BCG had been injected intra-tumorally, and that the BCG 
was thereby responsible for the observed, clinically non-significant, tumor responses 
(Braun Declaration [Exhibit 16], 11 1). Accordingly, Berd 1989 suffers from a lack of 
expectation of success for the haptenized-tumor-cell approach in melanoma, and even 
more so in the case of non-melanoma tumors. 

As discussed in the amendment dated September 22, 2000 (p. 17, 1 st 
full paragraph), Wiseman teaches an alternative form of immunotherapy that depends 
on the route of administration: intralymphatic immunization. This alternative, which 
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Wiseman indeed reports favorably, in no way suggests a deficiency or problem that 
would lead one of ordinary skill in the art to seek an alternative immunization strategy. 

On the contrary, Wiseman diverts the skilled artisan away from the 
claimed invention, thus precluding combining this reference in making the rejection. 
One of ordinary skill in the art would, when provided with the Wiseman reference on 
one hand and Berd 1 989 on the other, be inclined to pursue the Wiseman approach: 
intralymphatic immunization with unmodified tumor cells, since this approach was 
successful and avoided the problems with the haptenization approach in Berd 1989. 
Finally, Geczy and the Antibody Patents lead away from any notion that haptenized 
tumor cells could yield an anti-tumor cell response, because they suggest an anti- 
hapten response, and, in addition, do not relate to cancer treatment. Such teaching 
away, which is the effect of the Antibody Patents and Geczy reference, defeats 
obviousness. See Winner Int'l Royalty, 53 USPQ2d at 1587. 



As discussed above, nothing in Berd 1 989 suggests that haptenization 
of tumor cells provides an effective therapeutic response (as established by the Braun 
Declaration), much less a more effective response than other immunization protocols. 
However, the data in the present specification clearly supports the unexpected 
superiority of the haptenized tumor cells and methods of immunotherapy using them. 



The DFS [disease-free survival] and TS [total survival] of [patients treated 
with haptenized tumor cells] were compared with those of 22 melanoma 
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patients with resected nodal metastasises treated previously with 
unconjugated vaccine, see Example 4. Of 36 patients with stage 3 
melanoma (palpable mass in one lymph node region), 22 are disease-free 
with a median follow-up of 33 months. Kaplan-Meir analysis projects a 
3 year DFS and TS of 59% and 71 %, respectively. In contrast, the DFS 
and TS of stage 3 patients treated with unconjugated vaccine was 22% 
and 27% respectively (p = 0.01 , log-rank test). Of 1 1 stage 4 patients 
(palpable mass in two lymph node regions), 5 are NED (no evidence of 
disease) with a median follow-up of 41 months. 

(Specification, page 41, line 24 to page 42, line 8). These data demonstrate the 

superiority of the claimed invention, particularly the claimed methods of treatment, 

relative to Wiseman's approach. 

These advantages, however, can only be gleaned from the disclosure of 

the specification, and are not available from the combined teachings of the references. 

Advantages flowing directly from the invention are one consideration that may be 

relevant to a determination of obviousness. Mosinee Paper Corp. v. James River Corp. 

of Virginia, 22 U.S.P.Q.2d 1657, 1660, aff'd. mem. 980 F.2d 743 (Fed. Cir. 1992) 

(citing Pre-Emption Devices, Inc. v. Minnesota Mining & Mfg. Co., 221 USPQ 841 

(Fed. Cir. 1 984)). "After all, those advantages are the foundation of that 'commercial 

success 1 which may be evidence of nonobviousness." Pre-Emption, supra, at 844 

(citing Graham, 383 U.S. at 1 7). Thus, the showing of significant advantages of the 

presently claimed compositions and methods, particularly as related in Example 6 

(quoted above), demonstrates non-obviousness of the invention. 
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Even if Berd 1 989 had taught an effective immunotherapy of melanoma 
using haptenized, autologous melanoma cells, such a teaching would not form a 
sufficient basis for combination with Wiseman to achieve the claimed invention. As 
applicants have previously pointed out, it is not expected that "vaccines using other 
types of tumor cells, shown to effectively treat cancer, would behave in a 
mechanistically similar manner to the melanoma vaccine described in Berd et al." (See 
Paper No. 41 [Exhibit 3], page 5, lines 12-14). In the PTO-1449 form filed by 
Applicant on December 1 , 1 998, Applicant brought the Examiner's attention to Hanna 
et al. (U.S. Patent No. 5,484,596, hereinafter "Hanna"). Hanna teaches a method for 
the treatment of human colon cancer that involves the use of a vaccine which is made 
from irradiated human tumor cells. The Examiner was requested to note that the 
Hanna vaccine strategy appears to be effective only for treating colon cancer. A 
publication reporting on a clinical trial of the "Hanna" vaccine conceded that the 
vaccine was not effective for rectal cancer (Hoover et al., J. Clin. Oncology 11: 
390-399, 1993; copy attached to the Amendment filed September 22, 2000 as 
Exhibit 1 [Exhibit 17], "Hoover"). Hoover states that ". . . no benefits were seen in 
patients with rectal cancer who received [active specific immunotherapy with an 
autologous tumor cell-BCG vaccine]" (see Abstract; see also page 399, first column). 
Hence, even though the Hanna vaccine was reportedly successful in treating colon 
cancer, it failed to provide any benefits to patients with rectal cancer, a tumor type 
closely related to colon cancer. Accordingly, even had Berd 1 989 successfully treated 
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melanoma patients with his haptenized tumor cell vaccine, and not only provided 
preliminary and essentially anecdotal results relating to DTH-responses, it could not 
have been reasonably expected that a similar vaccine would be equally effective in the 
treatment of related tumors, much less tumors of completely unrelated origin. 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, here the Examiner's citations appear 
on the surface to suggest the claimed invention, but, upon further review, can only be 
combined as the Examiner proposes with knowledge of the Applicant's invention. In 
re Kotzab, 55 USPQ2d at 1318. Such an analysis is, of course, improper. For the 
foregoing reasons, this obviousness rejection is in error and should be reversed. 

iii. Separate Patentability Issues 



The product claims of Group A cannot be obvious over the suggested 
combination of references, since the references cannot be combined to teach a 
haptenized non-melanoma tumor cell vaccine which elicits an anti-tumor response. 
Berd 1 989 merely teaches a melanoma cell vaccine for immunotherapy, and Hanna and 
Hoover showed that an immunotherapy vaccine successful for one type of tumor 
would not function as a vaccine for another, closely related, tumor type. Thus, a 
combination with Geczy and the Antibody Patents and the Wiseman reference would 
not lead to any suggestion, much less conclusion, that the melanoma vaccine of Berd 
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1 989 would indeed elicit an anti-tumor response if applied to wholly unrelated tumor 
cells. Thus, there is no incentive from these references to haptenize non-melanoma 
tumor cells for an immunotherapy vaccine. 

The method claims of Group B are not obvious over the suggested 
combination of references because (1) the references cannot be combined to teach a 
haptenized non-melanoma tumor cell vaccine which elicits an anti-tumor response; and 
(2) even when forcibly combined, they do not suggest a reasonable expectation of a 
successful treatment. The reasons why the references cannot be combined are 
provided in the preceding paragraph. As for the lack of expectation of success, Berd 
1989, using haptenized melanoma cells, does not establish a successful 
immunotherapy method for melanoma. Geczy and the Antibody Patents suggest that 
an anti-hapten response would be the one and only result, and Wiseman proposes that 
intralymphatic injection of unmodified cells is a successful approach. Therefore, this 
combination of references, while admittedly raising expectations of success for the use 
of an unmodified tumor cell vaccine of Wiseman, could not possibly teach a reasonable 
expectation of success in achieving an anti-tumor response against a non-melanoma 
tumor using a haptenized vaccine. 

Finally, the claims of Group C are not obvious over the (forced) 
combination of references simply because any administration schedule provided by the 
Antibody Patents to elicit a response to an antigen, exemplified by the "carriers- 
associated glycosylation end-product of the '704 patent, would merely be applicable 
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for eliciting an anti-hapten response, and not for an anti-tumor response, as previously 
described. These differences between the references except Wiseman and the Group 
C claims have been discussed. Wiseman adds nothing about an effective number of 
administrations for a haptenized tumor cell vaccine. In short, the claims of Group C 
are patentable and distinct for all the reasons discussed in 8(a) and 8(b), supra. 

Since the reasons for non-obviousness of the claims in the different claim 
groups are different, separate patentability considerations apply. 

d. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd 1989, the Antibody Patents, Geczy, and Berd 1983 

This rejection pertains to all of Groups A-C. The broadest claims of these 
claim groups, claims 43, 44, and 47, have been discussed above. The teachings of 
Berd 1 989, the Antibody Patents, and Geczy have also been discussed above. 

i. The Examiner's Reasoning 

The Examiner contends that Berd 1983 teaches treatment of breast 
cancer patients with autologous vaccine, and that the substitution of the breast cancer 
cells of Berd 1 983 for the melanoma cells of Berd 1 989 was prima facie obvious. The 
Examiner also alleges that Appellant previously argued the Berd 1983 reference 
individually without clearly addressing the combined teachings. 
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Appellant respectfully disagrees. Appellant chose to, instead of repeating 
arguments already made in the amendment, discuss the entirety of the teachings of 
Berd 1 983 before adding this reference to the combination of Berd 1 989, the Antibody 
Patents, and Geczy (see amendment dated September 22, 2000, page 18, section 
3.g). In doing so, it is clear that Berd 1 983 adds nothing to the combination of Berd 
1989, the Antibody Patents, and Geczy, which combination is (1) improper and (2) 
fails to provide any reasonable expectation of success as discussed above. 

ii . Applicant 's Arguments 

Berd 1983 teaches intradermal administration of autologous tumor cells 
to six cancer patients, five suffering from melanoma and one from breast cancer, and 
reports DTH responses against tumor cells in three out of the five evaluated patients. 
Note that Berd 1 983 is silent with respect to whether the single breast cancer patient 
was among the 3 patients (50%) showing a DTH response. Even assuming that the 
breast cancer patient was among the three, the addition of Berd 1 983 to the 
combination of reference would not provide a reasonable expectation that a haptenized 
tumor cell vaccine, whether based on melanoma or breast cancer cells, would elicit a 
clinically significant anti-tumor response. 
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The Braun Declaration addresses the teachings and deficiencies of Berd 
1989, as discussed above. The reference lacks teachings with respect to any clinically 
significant tumor regression being observed, as well as the numbers and route of 
administration. (Braun Declaration [Exhibit 16], 1f9 and 11). Thus, one of ordinary 
skill in the art would have presumed that Berd 1 989's haptenized tumor cells and BCG 
had been injected intratumorally, and that the BCG was thereby responsible for the 
observed, clinically non-significant, tumor responses (Braun Declaration [Exhibit 
16M1 1). Accordingly, Berd 1989 suffers from a lack of expectation of success for 
the haptenized-tumor-cell approach in melanoma, and even more so in the case of non- 
melanoma tumors. 

As noted above, even if Berd 1 989 taught an effective immunotherapy 
of melanoma using haptenized, autologous melanoma cells, such a teaching would not 
form a sufficient basis for combination with Berd 1983 to achieve the claimed 
invention. As applicants have previously pointed out, it is not expected that "vaccines 
using other types of tumor cells, shown to effectively treat cancer, would behave in 
a mechanistically similar manner to the melanoma vaccine described in Berd et al." 
(See Paper No. 41 [Exhibit 3], page 5, lines 12-14). As described in section 8.d.ii 
above, Appellant brought the Examiner's attention to Hanna and to Hoover [Exhibit 
17], the latter of which showed that the "Hanna" vaccine, reportedly successful for 
treating colon cancer, was unsuccessful for treating rectal cancer. Hence, if a vaccine 
strategy cannot be successfully translated from colon cancer to rectal cancer, a person 
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of skill could not reasonably expect to translate Berd 1989's melanoma cell vaccine 
to a successful, wholly unrelated, breast cancer or other non-melanoma vaccine. 

iii. Separate Patentability Issues 

The teachings of Berd 1 983 are the same as those of Wiseman 1 983 in 
the context of the Examiner's rejection discussed under section 8.d herein, and all 
other references are the same. Therefore, Groups A-C have different patentability 
considerations for the same reasons as those presented in section 8 .d .iii above. 

iv. Errors in Rejection 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, even though the Examiner's citations 
appear on the surface to suggest the claimed invention, upon further review it is 
discovered that they can only be combined as the Examiner proposes with knowledge 
of the Applicant's invention. In re Kotzab, 55 USPQ2d at 1318. Such an analysis 
is, of course, improper. For the foregoing reasons, this obviousness rejection is in 
error and should be reversed. 
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e. The rejection of claims 43, 44, 47, 49-62, 64-72, and 74-77 over 
Berd, the Antibody Patents, Geczy, and Sanda and Moody 

This rejection pertains to claims in all of Groups A-C. The broadest claims 
in these claim groups, claims 43, 44, and 47, have been discussed above. Berd, the 
Antibody Patents, and Geczy, as well as their teachings, are discussed above. 

i. The Examiner's Reasons 

The Examiner has stated that in particular Berd 1989 supplies the 
motivation to "decorate the tumor cells with hapten." Incorporating the reasoning set 
forth in the prior two Office Actions, the Examiner states that Moody teaches that 
lymphokine-transfected prostate cells generate an anti-tumor effect in vivo, and that 
Sanda addresses the feasibility of gene therapy for human prostate cancer. These 
references appear to be relevant to the Examiner because they suggest methods of 
anti-prostate cancer therapy. 

ii . Applicant 's Arguments 

Sanda teaches a method for transducing human prostate cancer cells with 
a particular retroviral vector. This approach is wholly unrelated to any immunotherapy 
method for cancer treatment, and it solves a different problem (tumor cell ablation 
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through a therapeutic gene) than the claimed invention (tumor cell immunotherapy 
using a haptenized tumor cell as a vaccine). Thus, there is no logical connection 
between Sanda and the other references cited in this rejection. See Ruiz, 57 USPQ2d 
at 1 1 68 (evidence that the references solve different problems can preclude a 
determination of obviousness). 

Moody teaches an immunotherapy method based on transfection of rat 
prostate tumor cells to make them express the lymphokines IL-2 and IL-4. Although 
reportedly successful, the method disclosed in this reference adopts an altogether 
different approach than haptenization of tumor cells, and there is no suggestion from 
Moody to modify his approach by haptenization. 6 

In short, for the reasons discussed above, the forced combination of Berd 
1 989, the Antibody Patents, and Geczy fail to suggest, much less teach, compositions 
of haptenized non-melanoma tumor cells, methods of cancer immunotherapy using 
haptenized non-melanoma tumor cells, or methods of cancer immunotherapy involving 
a specific regimen of administering haptenized tumor cells at least six times. Sanda 
and Moody have nothing to do with such immunotherapy; they are in this respect less 

6 As disclosed in the specification of the instant application, using 
immunostimulatory molecules in combination with the claimed compositions and 
methods may be desirable in some instances. (Specification, page 17, lines 17-20). 
Moody provides one avenue for such a combination. This in no way suggests the 
claimed invention. 
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relevant than Wiseman. Accordingly, for the reasons advanced above, this rejection 
is in error and must be reversed. 

iii. Separate Patentability Considerations 

Sanda and Moody add nothing of relevance for any of Groups A-C, and 
the distinctions between the claims and all other references considered together are 
the same. Therefore, Groups A-C have different patentability considerations for the 
same reasons as those presented in section 8.d.iii above. 

iv. Error's in Rejection 

It is clear that upon careful examination, the references cannot be 
combined as the Examiner has suggested. Thus, even though the Examiner's citations 
appear on the surface to suggest the claimed invention, upon further review it is 
discovered that they can only be combined as the Examiner proposes with knowledge 
of the Applicant's invention. In re Kotzab, 55 USPQ2d at 1318. Such an analysis 
is, of course, improper. For the foregoing reasons, this obviousness rejection is in 
error and should be reversed. 
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9. Conclusion 



For the forgoing reasons, Appellant submits that the Final Rejection is in 
error and should be reversed on all grounds. The Examiner has committed error by 
failing across the board to properly articulate the Graham factors. For example, 
Examiner did not properly consider the scope and content of the prior art, and the 
differences between the prior art and the claimed invention. Ruiz, 57 USPQ2d at 
1 1 67. The Examiner further failed to establish the level of ordinary skill in the art, Id. 
at 1 168, which Appellant has established through the Braun Declaration as well as 
through the references. With respect to considering the scope and content of the prior 
art and the differences between the prior art and the claimed invention, the Examiner 
failed to articulate "... a reason, suggestion, or motivation in the prior art or elsewhere 
that would have led one of ordinary skill in the art to combine the references." Id. at 
1 1 67 (citations omitted). Instead, the Examiner has improperly relied on an arbitrary, 
non-existent level of skill in the art to fill in the holes in the prior art, See A-Site Corp. 
50 USPQ2d at 1171, and has consistently fallen into the "hindsight trap". In re 



Serial No. 08/203,004 
Second Brief on Appeal 



Docket No. 1225/0C674 
Page 39 



Kotzab, 55 USPQ2d at 1 31 8. For these reasons, reversal of all rejections and remand 
of the application for allowance is believed to be in order and is earnestly solicited. 



Respectfully submitted, 

Paul F. Fehlner, Ph.D. 
Reg. No. 35,135 
Attorney for Appellant 

DARBY & DARBY, P.C. 
805 Third Avenue 
New York, N.Y. 10022 
Phone (212) 527-7700 
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APPENDIX 
Pending Claims on Appeal 

43. (Amended) A composition comprising human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient for 
treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a human 
upon injection therein; 

said composition eliciting, when administered together with an adjuvant, 
an inflammatory immune response against the tumor of said patient, wherein said 
tumor is not melanoma. 

44. A method for treating a malignant tumor in a human patient comprising 
co-administering to the patient 

(a) a composition comprising a therapeutically effective amount of 
human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient 
for treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a 
human upon injection therein; and 

(b) an adjuvant; 

wherein said composition elicits at least one of the following upon 
administration to said patient with the adjuvant: an inflammatory immune response 
against the tumor of said patient; a delayed-type hypersensitivity response against the 
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tumor of said patient, and activated T lymphocytes that infiltrate the tumor of said 
patient, wherein said malignant tumor is not melanoma. 

47. (Amended) A method of treating a malignant tumor in a human patient 
comprising co-administering to the patient 

(a) a composition comprising a therapeutically effective amount of 
human tumor cells that: 

(i) are conjugated to a hapten; 

(ii) are of the same tumor type as a malignant tumor of a patient 
for treatment of whom the composition is intended; 

(iii) are autologous to said patient; and 

(iv) have been rendered incapable of growing in the body of a 
human upon injection therein; and 

(b) an adjuvant; 

wherein said composition elicits at least one of the following upon 
administration to said patient with the adjuvant: an inflammatory immune response 
against the tumor of said patient; a delayed-type hypersensitivity response against the 
tumor of said patient and activated T lymphocytes that infiltrate the tumor of said 
patient; and 

repeating said administration at least six times at spaced apart intervals. 

49. The composition of claim 43 wherein said tumor cells are selected from 
lung, colon, breast, kidney, and prostate tumor cells. 

50. The composition of claim 43 wherein said hapten is selected from the 
group consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N'-(5 sylfonic 
1-naphtyl) ethylene diamine. 
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51 . The composition of claim 43 wherein said hapten is dinitrophenyl. 



52. The composition of claim 43 further comprising an adjuvant. 

53. The composition of claim 52 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

54. The composition of claim 43 further comprising a carrier. 

55. The composition of claim 54 wherein said carrier is selected from the 
group consisting of saline solution and culture medium. 

56. The method of claim 44 wherein said tumor cells are selected from lung, 
colon, breast, kidney, and prostate tumor cells. 

57. The method of claim 44, wherein said malignant tumor is from a cancer 
selected from the group consisting of lung cancer, colon cancer, breast cancer, kidney 
cancer, and prostate cancer. 

58. The method of claim 44 wherein said hapten is selected from the group 
consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N'-(5-sulfonic 1-naphtyl) 
ethylene diamine. 

59. The method of claim 44 wherein said hapten is dinitrophenyl. 

60. The method of claim 44 further comprising administering a therapeutically 
effective amount of cyclophosphamide prior to administration of said composition. 
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61 . The method of claim 60 wherein said therapeutically effective amount of 
cyclophosphamide comprises administering a dose of about 300 mg/M2 of 
cyclophosphamide prior to administration of said composition. 

62. The method of claim 60 further comprising sensitizing the patient with 
a therapeutically effective amount of 1 -f luoro-2,4-dinitrobenzene prior to administering 
cyclophosphamide. 

64. The method of claim 44 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

65. The method of claim 47 wherein said tumor cells are selected from 
melanoma, lung, colon, breast, kidney, and prostate tumor cells. 

66. The method of claim 47, wherein said malignant tumor is from a cancer 
selected from the group consisting of melanoma cancer, lung cancer, colon cancer, 
breast cancer, kidney cancer, and prostate cancer. 

67. The method of claim 47 wherein said hapten is selected from the group 
consisting of dinitrophenyl, trinitrophenyl, and N-iodoacetyl-N'-(5-sulfonic 1-naphtyl) 
ethylene diamine. 

68. The method of claim 47 wherein said hapten is dinitrophenyl. 

69. The method of claim 47 further comprising administering a therapeutically 
effective amount of cyclophosphamide prior to administration of said composition. 
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70. The method of claim 47, further comprising administering a 
therapeutically effective amount of cyclophosphamide prior to the first administration 
of said composition. 

71 . The method of claim 69 wherein said therapeutically effective amount of 
cyclophosphamide comprises administering a dose of about 300 mg/M2 of 
cyclophosphamide prior to administration of said composition. 

72. The method of claim 47 further comprising sensitizing the patient with 
a therapeutically effective amount of 1 -f luoro-2,4-dinitrobenzene prior to administering 
cyclophosphamide. 

74. The method of claim 47 wherein said adjuvant is Bacillus 
Calmette-Guerin. 

75. The method of claim 47 wherein said administration prolongs survival of 
said patient. 

76. The method of claim 44, wherein said administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8 + CD4. 

77. The method of claim 47, wherein said administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8 + CD4. 
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The Amendment After-Final filed June 2, 2001 (Paper No. 46) in response to 
the Office Action of November 29, 2000 (Paper No. 44) is acknowledged and has 
been entered. Previously pending claims 43 and 47 have been amended. Claims 43, 
44, 47, 49-62, 64-72 and 74-77 are currently being examined. 

Claim Rejections - 35 USC §103 
2. Claims 47, 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Sections 10-11, pages 8-15, Paper No. 
41, Sections 5-6, pages 2-4 and in Paper No. 44, Sections 5 and 6, pages 3-5. 

Applicant argues that (a) Examiner gives more weight to the Berd '89 
abstract than one of ordinary skill at the time the invention would have given it and 
the Braun Declaration sets forth that Berd '89 does not describe a successful 
immunotherapy for melanoma, (b) Applicant details the three basic criteria that must 
be met to establish a prima facie case for obviousness under 35 USC 103 and states 
that since Berd '89 fails to provide any expectation of success the reference is 
completely irrelevant and no other reference provided makes up for this flaw, (c) 
Applicant reiterates the deficiencies of Murphy, Berd '89 Geczy and Antibody 
Patents and the combination thereof. The arguments have been considered but have 
not been found persuasive (a') for the reasons previously set forth in Paper No. 4 1 , 
Section 7, pages 4-5. The Braun Declaration has not been considered because 
Applicant has not shown good and sufficient reasons why it was not earlier 
presented, (b') the Berd '89 reference is not irrelevant for the reasons set forth 
previously and above, (c') the arguments are not persuasive for the reasons 
previously set forth 
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3. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 12, pages 15-18, 
Paper No. 41, Section 7, pages 4-5 and in Paper No. 44, Section 7, pages 5-6. 

Applicant reiterates the arguments drawn to Wiseman and the arguments 
drawn to the combination of Berd '89, The Antibody Patents and Geczy. The 
arguments have been considered but have not been found persuasive for the reasons 
previously set forth. 

4. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 13, pages 18-21, 
Paper No. 41, Section 8, page 6 and in Paper No. 44, Section 8, page 6. 

Applicant reiterates arguments drawn to Berd '83. The arguments have been 
considered but have not been found persuasive for the reasons previously set forth 
in Paper Nos 36, 41 and 44. 

5. Claims 43, 44, 47, 49-62, 64-72, and 74-77 remain rejected under 35 USC 
103 for the reasons previously set forth in Paper No. 36, Section 14, pages 21-25, 
Paper No. 41, Section 9, page 7 and in Paper No. 44, Section 9, page 7. 

Applicant reiterates the arguments previously set forth. The arguments have 
been considered but have not been found persuasive for the reasons previously set 
forth in Paper Nos 36, 41 and 44. 

6. All other objections and rejections recited in Paper No. 44 are withdrawn. 
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The below text replaces the pre-printed text under the heading, 
"Information on How to Effect Drawing Changes," on the back 
of the PTO-948 (Rev. 03/01, or earlier) form. 

INFORMATION ON HOW TO EFFECT DRAWING CHANGES 
1. Correction of Informalities -- 37 CFR 1.85 

New corrected drawings must be filed with the changes incorporated therein. 
Identifying indicia, if provided, should include the title of the invention, 
inventor's name, and application number, or docket number (if 'any) if an 
application number has not been assigned to the application. If this information is 
provided it must be placed on the front of each sheet and centered within the top 
marein If corrected drawings are required in a Notice of Allowability (PTOL- 
37) the new drawings MUST be filed within the THREE MONTH shortened 
statutory period set for reply in the Notice of Allowability. Extensions of time 
may NOT be obtained under the provisions of 37 CFR 1.136(a) or (b) for filing 
the corrected drawings after the mailing of a Notice of Allowability. The 
drawings should be filed as a separate paper with a transmittal letter addressed to 
the Official Draftsperson. 

2. Corrections other than Informalities Noted by Draftsperson on form PTO- 
948. 

All changes to the drawings, other than informalities noted by the Draftsperson. 
MUST be made in the same manner as above except that, normally, a highlighted 
(preferably red ink) sketch of the changes to be incorporated into the new 
drawings MUST be approved by the examiner before the application will be 
allowed. No changes will be permitted to be made, other than correction of 
informalities, unless the examiner has approved the proposed changes. 

Timing of Corrections 

Applicant is required to submit the drawing corrections within the 
time period set in the attached Office com munication. See 37 CFR 
1.85(a). 

Failure to take corrective action within the set period will result in 
ABANDONMENT of the application. 
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Office Action Summary 



Application No. 
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Examiner 
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(3 Responsive to communication^) filed on Sep 27, 2000 . • 

K! This action is FINAL. 

□ Since this application is in condition for allowance except for formal matters, prosecution as to the merits is closed 
in accordance with the practice under Ex parte Quayfe, 1935 CD. 11; 453 O.G. 213. 

A shortened statutory period for response to this action is set to expire three month(s), or thirty days, whichever 
is longer, from the mailing date of this communication. Failure to respond within the period for response will cause the 
application to become abandoned. (35 U.S.C. § 133). Extensions of time may be obtained under the provisions of 
37 CFR 1.136(a). 



Disposition of Claims 

H Claim(s) 43, 44, 47, 49-62. 64-72, and 74-77 



is/are pending in the application. 



Of the above, claim(s) 
□ Claim(s) 



H Claim(s) 43. 44, 47, 49-62, 64-72, and 74-77 

□ Claim(s) __ 

□ Claims 



is/are withdrawn from consideration. 

is/are allowed. 

is/are rejected. 

is/are objected to. 



are subject to restriction or election requirement. 



Application Papers 

□ See the attached Notice of Draftsperson's Patent Drawing Review, PTO-948. 

□ The drawing(s) filed on m is/are objected to by the Examiner. 

□ The proposed drawing correction, filed on is Qpproved disapproved. 

□ The specification is objected to by the Examiner. 

□ The oath or declaration is objected to by the Examiner. 

Priority under 35 U.S.C. § 119 

□ Acknowledgement is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d). 

□ All □ Some* □ None of the CERTIFIED copies of the priority documents have been 

□ received. 

□ received in Application No. (Series Code/Serial Number) . 

□ received in this national stage application from the International Bureau (PCT Rule 17.2(a)). 
"Certified copies not received: 



□ Acknowledgement is made of a claim for domestic priority under 35 U.S.C. § 1 19(e). 
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□ Notice of Draftsperson's Patent Drawing Review, PTO-948 
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1. The Amendment filed September 27, 2000 (Paper No. 43) in response to the 
Office Action of March 22, 2000 (Paper No. 41) is acknowledged and has been 
entered. Previously pending claims 54, 55, 57, 66 and 70 have been amended. 
Claims 43, 44, 47 and 49-62, 64-72 and 74-77 are currently being examined. 

2. The' text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

3. The following rejections are being maintained: 

Claim Rejections - 35 USC § 112 

4. Claims 43, 49-51, 54-55 remain rejected under 35 USC 1 12, first paragraph 
for the reasons previously set forth in Paper No. 41, Section 10, pages 7-8. 

Applicant argues that the composition is a useful component of a vaccine and 
that the specification enables a haptenized tumor cell composition in combination 
with an adjuvant and that for that reason both components must be enabled. 
Applicant further cites case law to demonstrate that products are useful if they serve 
as starting materials in producing other materials which are directly useful and 
therefore Examiner errs in interpreting these claims as requiring adjuvant. The 
argument has been considered but has not been found persuasive because the claims 
are not drawn to a component of a vaccine that upon addition of an adjuvant wrll 
elicit an immune response but rather specifically recite the limitation that upon 
injection the composition (without adjuvant) elicits an inflammatory immune 
response. For the reasons previously set forth, without an adjuvant the claim is not 
enabled. Applicant's arguments have not been found persuasive and the rejechon .s 
maintained. 



Serial No: 08/203,004 Pa S e3 
Art Unit: 1642 

Claim Rejections - 35 USC § 103 
5. Claims 47 and 65-72 and 74-77 remain rejected under 35 USC 103 for the 
reasons previously set forth in Paper No. 36, Section 10, pages 8-12 and in Paper 
No. 4 1 , Section 5, pages 2 and 3 . 

Applicant argues (a) in order for a combination of prior art references to 
suggest a claimed invention, an objective teaching must exist in the prior art that 
would lead a skilled artisan to combine its teaching; (b) it is impermissible to use 
hindsight reconstruction to pick and choose among isolated disclosures in the prior 
art to deprecated the claimed invention, (c) Applicant takes issue with Examiner's 
contention that Applicant has argued and discussed the references individually 
without clearly addressing the combined teachings since each reference must be 
considered in its sentirely and then evaluation must be made as to whether the 
reference can be properly combined with the others and whether the combination 
suggests the claimed invention with a reasonable expecation of success (d) 
Applicant discusses the individual references, (e) Applicant reiterates the arguments 
drawn to the rejection of claims 47 and 65-76 in Paper No. 36, Section 10, pages 8- 
12. 

The arguments have been considered but have not been found persuasive (a') 
for the reasons previously set forth in Paper No. 5 1 on page 3, it is suggested that 
Applicant review In re Keller, 642 F.2d 413, 208 USPQ 871 (CCPA 1981), (b») 
Some degree of hindsight is permissible in making rejections under 35 USC 103 
since it must be recognized that any judgment on obviousness is in a sense 
necessarily a reconstruction based upon hindsight reasoning. But, so long as it takes 
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into account only knowledge which was within the level of ordinary skill at the time 
the claimed invention was made, and does not include knowledge gleaned only from 
the applicant's disclosure, such a reconstruction is proper. In re McLaughlin , 443 
F.2d 1392, 170 USPQ 209 (CCPA 1971). It is clear that a method for treating 
melanoma comprising sensitizing with DNCB, administering a therapeutically 
effective amount of cyclophosphamide and administering a therapeutically effective 
amount of autologous, irradiated DNP-conjugated melanoma cells mixed with BCG 
was well known in the art as taught by Murphy et al and that immunization 
schedules wherein antigen is administered on a schedule of at least six times at 
spaced intervals was conventional in the art as taught by the Antibody Patents cited 
on Page 10 of Paper No. 36 and that a dose of 300 mg/M 2 was successfully 
administered prior to autologous irradiated, DNP-conjugated melanoma cells as 
taught by Berd et al and the equivalence of halogenated dinitrobenzenes for the 
elicitation of delayed hypersensitivity was known in the art as taught by Geczy et al. 
Given the information known in the art, the combined references teach not only the 
suggestion but also the means and motivation to successfully treat a malignant tumor 
in a human patient as claimed, (c') upon review and reconsideration it is found that, 
in Examiner's view, Applicant did not clearly address the combined teachings of the 
references, (d') and (e') Applicant's arguments are not persuasive for the reasons 
previously set forth. Applicant's arguments have not been found persuasive and the 
rejection is maintained. 
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6. Claims 47 and 65-72 and 74-77 remain rejected under 35 USC 1 03 for the 
reasons previously set forth in Paper No. 36, Section 11, pages 12-15 and in Paper 

No. 41, Section 6, page 4. 

Applicant argues that for the reasons set forth above the rejection is in error 
and should be withdrawn. The argument has been considered but is not found 
persuasive for the reasons set forth above. Applicant's arguments have not been 
found persuasive and the rejection is maintained. 

7. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 12, pages 15-18 and in Paper No. 41, 

Section 7, pages 4-5. 

Applcant argues that (a) it is not expected that vaccines using other types of 
tumor cells would behave in a mechanistically similar manner to the melanoma 
vaccine described in Berd et al since Hanna et al teaches a method for treatment of 
human colon cancer using a vaccine made from irradiated human tumor cells and 
Hoover teaches that when comparing vaccines made from irradiated autologous 
cells of colon cancer patients and rectal cancer patients, only the colon cancer 
patients received benefit from the vaccine, (b) Applicant again argues that Wiseman 
does not supply the missing teaching and the "preliminary" nature of the results of 
Berd et al. 

The arguments have been considered but have not been found persuasive 
because (a') Wiseman clearly showed that autologous irradiated melanoma, lung, 
colon and kidney cancer cells were successfully used for successful immunological 
treatment of those cancers and it would have been expected that these cell types, 
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already known in the art to be useful as immunogenic cancer treatments would be 
successfully substituted for the melanoma cells of Berd et al in order to treat the 
other cancer types. The fact that a single cancer cell type is not immunogenic is not 
relevant in view of the demonstrated efficacy of the cell types of Wiseman, (b') the 
arguments are not persuasive for the reasons previously set forth. Applicant's 
arguments have not been found persuasive and the rejection is maintained. 
8. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 13, pages 18-21 and in Paper No. 41, 
Section 8, page 6. 

Applicant argues that Berd '83 does not provide an incentive to prepare a 
haptenized tumor cell vaccine or methods of treating cancer using said vaccine. The 
argument has been noted but has not been found persuasive for the reasons 
previously set forth. Applicant is arguing this reference individually without clearly 
addressing the combined teachings. It must be remembered that the references are 
relied upon in combination and are not meant to be considered separately as in a 
vacuum. It is the combination of all of the cited and relied upon refefrences which 
made up the state of teh art with regard to the claimed invention. Applicant's 
claimed invention fails to patentably distinguish over the state of the art represented 
by the cited references taken in combination. In re Young, 403 F.2d 754, 159 USPQ 
725 (CCPA 1968); In re Keller 642 F.2d 413,208 USPQ 871 (CCPA 1981). 
Applicant's arguments have not been found persuasive and the rejection is 
maintained. 



Serial No: 08/203,004 



Page 7 



Art Unit: 1642 



9. Claims 43, 44, 47 and 49-62, 64-72 and 74-77 remain rejected for the reasons 
previously set forth in Paper No. 36, Section 14, pages 21-25 and in Paper No. 41, 
Section 9, page 7. 

Applicant reiterates the arguments previously set forth. The arguments have 
been considered but have not been found persuasive for the reasons previously set 
forth. Applicant's arguments have not been found persuasive and the rejection is 
maintained. 

1 0. All other objections and rejections recited in Paper No. 4 1 are withdrawn. 

11. No claims allowed. 

12 THIS ACTION IS MADE FINAL. Applicant is reminded of the extension 
of time policy as set forth in 37 C.F.R. § 1.136(a). 



A SHORTENED STATUTORY PERIOD FOR RESPONSE TO THIS 
FINAL ACTION IS SET TO EXPIRE THREE MONTHS FROM THE DATE OF 
THIS ACTION. IN THE EVENT A FIRST RESPONSE IS FILED WITHIN TWO 
MONTHS OF THE MAILING DATE OF THIS FINAL ACTION AND THE 
ADVISORY ACTION IS NOT MAILED UNTIL AFTER THE END OF THE 
THREE-MONTH SHORTENED STATUTORY PERIOD, THEN THE 
SHORTENED STATUTORY PERIOD WILL EXPIRE ON THE DATE THE 
ADVISORY ACTION IS MAILED, AND ANY EXTENSION FEE PURSUANT 
TO 37 C.F.R. § 1.136(a) WILL BE CALCULATED FROM THE MAILING 
DATE OF THE ADVISORY ACTION. IN NO EVENT WILL THE 
STATUTORY PERIOD FOR RESPONSE EXPIRE LATER THAN SIX 
MONTHS FROM THE DATE OF THIS FINAL ACTION. 

13. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
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(703) 305-2181. The examiner can normally be reached on Monday through Friday 
from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Anthony Caputa, can be reached at (703) 308-3995. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 



Susan Ungar V 
Primary Patent Examiner 
November 28, 2000 
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1 . The Amendment filed November 4, 1 999 (Paper No. 3 8) in response to the 
Office Action of April 28, 1999 (Paper No. 36) is acknowledged and has been 
entered. The Amendment (Paper No. 39) and the Terminal Disclaimer (Paper No. 
40) filed January 14, 2000, in response to the telephone interview of January 13, 
2000 (Paper No. 38.5) have been entered Previously pending claims 63 and 73 
have been canceled, claims 44, 47, 64, 74 and 76 have been amended and new 
claim 77 has been added. Claims 43, 44, 47 49-62, 64-72 and 74-77 are currently 
being examined. 

2. The Terminal Disclaimer filed January 14, 2000 is acceptable. 

3. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

4. The following rejections are being maintained: 

Claim Rejections - 35 USC § 103 

5. Claims 47 and 65-76 remain rejected for the reasons previously set forth in 
Paper No. 36, Sections 10 , pages 8-12. 

Applicant argues that (a) the legal test for obviousness cannot be established 
by combining teachings of the prior art absent some teaching or suggestion 
supporting the combination. Under section 103, teachings of references can be 
combined only if there is some suggestion or incentive to do so, (b) Murphy and or 
Berd fail to teach a method of treatment for non-melanoma malignant tumors in a 
human patient, (c) the antibody patents which merely teach conventional methods 
for generating antibodies provide no missing teaching, (d) Geczy fails to provide 
any teaching pertinent to the claimed compositions and methods. 
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The arguments have been considered but have not been found persuasive 
because (a') contrary to the assertion of Applicant, the test for obviousness is not 
that the claimed invention must be expressly suggested in any one or all of the 
references; but rather the test is what the combined teachings of the references 
would have suggested to those of ordinary skill in the art, (b') Applicant is arguing 
limitations not recited in the claims as currently constituted. The claims are drawn to 
a method of treating a malignant tumor in a human patient and as broadly written, 
read on the treatment of melanoma (b'-d*) Applicant has argued and discussed the 
references individually without clearly addressing the combined teachings. It must 
be remembered that the references are relied upon in combination and are not meant 
to be considered separately as in a vacuum. It is the combination of all of the cited 
and relied upon references which made up the state of the art with regard to the 
claimed invention. Applicant's claimed invention fails to patentably distinguish over 
the state of the art represented by the cited references taken in combination. In re 
Young, 403 F.2d 754, 159 USPQ 725 (CCPA 1968); In re Keller 642 F.2d 413,208 
USPQ 871 (CCPA 1981), (c') multiple immunizations are conventional in the art for 
producing all forms of immune response, (d') Geczy clearly teach the equivalence of 
CDNB and FDNB. The references teach not only the suggestion but also the means 
and motivation to successfully treat melanoma by sensitizing with FDNB and 
administering cyclophosphamide prior to administering DNP-conjugated tumor cells 
and an adjuvant, which treatment results in the claimed T-cell dependent responses. 
Applicant's arguments have not been found persuasive and the rejection is 
maintained. 
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6. Claims 47 and 65-76 remain rejected for the reasons previously set forth in 
Paper No. 36, Sections 11 , pages 12-15. 

Applicant argues that, for the reasons set forth above, the rejection is in error. 
The argument has been considered but has not been found persuasive for the 
reasons set forth above. Applicant's arguments have not been found persuasive and 
the rejection is maintained. 

7. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 12 , pages 15-18. 

Applicant argues that (a) there is no reasonable expectation of successfully 
implementing the vaccination program described with respect to melanoma in Berd 
to other tumor types because this reference provides "preliminary" results that "may 
represent a significant advance in the immunotherapy of human melanoma and thus 
it lacks any reasonable expectation of an effective treatment for tumors in general or 
even melanoma in particular, (b)Wiseman does not supply the missing teaching and 
teaches an alternative form of immunotherapy that depends on the route of 
administration, (c) even if combined, the lack of any reasonable expectation of 
success from the disclosure of Berd precludes determining that the invention is 
obvious. 

The arguments have been considered but have not been found persuasive 
because (a) Berd et al clearly teach that treatment of melanoma patients with 
autologous vaccine preceded by low dose CY induces DTH to melanoma cells and 
regression of metastatic tumors. The reference is specifically drawn to increasing 
the efficiency of the process by sensitizing with DNCB and immunizing with tumor 
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cells conjugated to DNP. Clearly, one would have an expectation of success since it 
was already known that immunization with tumor cells alone, after pretreatment 
with CY resulted in regression of metastatic tumors. Further, it was clearly 
demonstrated that a patient developed erthema, followed by ulceration and drainage 
of necrotic material in > 50 large dermal metastasis and that at the time of 
publication, some of the metastasis were beginning to regress, Further the reference 
specifically teaches that tumors were infiltrated with activated T lymphocytes, that 
the tumor masses developed a striking inflammatory response and that the patients 
developed DTH, (b') regardless of the route of administration, Wiseman clearly 
teaches that treatment of patients with lung, colon and kidney cancer with 
autologous tumor cell vaccine preceded by low dose CY leads to prolonged 
survival. It would have been expected that vaccines using other types of tumor 
cells, shown to effectively treat cancer, would behave in a mechanistically similar 
manner to the melanoma vaccine described in Berd et al where it was shown that 
administration of the DNP-conjugated reagent led to DHT against melanoma cells, 
infiltration of the tumors by activated T lymphocytes, inflammation in the tumor 
masses, especially in view of the fact that there is no teaching of any no 
distinguishing features of melanoma tumor cells which would lead one to expect that 
there would be a difference in the immune response to this type of tumor cell in 
particular, (c') Berd et al clearly demonstrate the successful use of the composition 
and the method. Applicant's arguments have not been found persuasive and the 
rejection is maintained. 
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8. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 13 , pages 18-21. 

Applicant argues that Berd, 1983 is cumulative to the teaching of Berd, 1989 
and that Berd 1983 does not supply any of the other missing teachings that are not 
supplied by the combination of Berd, the antibody Patents and Geczy and that in 
particular, the reference does not provide any teaching concerning a haptenized 
tumor cell vaccine or methods of treating cancer using such a vaccine. The 
argument has been considered but has not been found persuasive for the reasons 
drawn to the lack of persuasiveness of Applicant's arguments drawn to Berd, the 
antibody Patents and Geczy disclosed above and further because, Berd, 1983 is 
cited because it is drawn to treatment of breast cancer patients with autologous 
vaccine. The substitution of the breast cancer cells of Berd 1983 for the melanoma 
cells of Berd, 1989 in the method and composition of Berd 1989 was prima facie 
obvious for the reasons set forth in Paper No. 36. Applicant has argued and 
discussed the references individually without clearly addressing the combined 
teachings. It must be remembered that the references are relied upon in combination 
and are not meant to be considered separately as in a vacuum. It is the combination 
of all of the cited and relied upon references which made up the state of the art with 
regard to the claimed invention. Applicant's claimed invention fails to patentably 
distinguish over the state of the art represented by the cited references taken in 
combination. In re Young, 403 F.2d 754, 159 USPQ 725 (CCPA 1968); In re Keller 
642 F.2d 413,208 USPQ 871 (CCPA 1981). Applicant's arguments have not been 
found persuasive and the rejection is maintained. 
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9. Claims 43, 44, 47 and 49-76 remain rejected for the reasons previously set 
forth in Paper No. 36, Sections 14 , pages 21-25. 

Applicant argues that (a) the deficiencies of Berd, the antibody Patents and 
Geczy have been addressed above, (b) Sanda and Moody fail to supply the missing 
teachings and propose an alternative cancer therapy and neither references provides 
any motivation to decorate the tumor cells with hapten in order to elicit an effective 
immune response. The arguments have been considered but have not been found 
persuasive because (a') for the reasons set forth above, (b') the combined references 
make the invention obvious for the reasons set forth previously and in particular 
Berd supplies the motivation to "decorate the tumor cells with hapten" in order to 
elicit an effective immune response, see above. 

New Grounds of Rejection 
Claim Rejections - 35 USC § 112 

10. Claims 43, 49-5 1 , 54-55 are rejected under 35 U.S.C. 1 12, first paragraph, 
because the specification, while being enabling for a composition comprising the 
claimed tumor cell conjugate and an adjuvant, does not reasonably provide 
enablement for a composition comprising the claimed tumor cell conjugate alone. 
The specification does not enable any person skilled in the art to which it pertains, 
or with which it is most nearly connected, to use the invention commensurate in 
scope with these claims. 

The claims are drawn to treatment of malignant tumors with a composition 
comprising a hapten conjugated to a tumor cell. The specification teaches a 
melanoma vaccine administered with BCG and describes immune responses to the 
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melanoma vaccine administered with BCG (page 19-43) and specifically teaches in 
the sentence bridging pages 27-28 that "all vaccines were DNP-conjugated and 
mixed with BCG". It appears that the inclusion of an adjuvant may be a critical step 
since Livingstone et al (of record) disclosed that in a melanoma vaccine using the 
GM2 ganglioside, antibody responses were not induced unless BCG was added to 
the purified GM2 vaccine (p. 2913, paragraph bridging columns 1 and 2). 

Livingstone et al also state that "adjuvants were important factors in the mouse 

studies and results of the present human trials indicate their importance in melanoma 
patients". Further, Hoover et al, of record, also used BCG as an adjuvant in a 
colorectal cancer vaccine and states that the correct amount of the appropriate 
adjuvant was a critical condition of the success of the immunotherapy (p. 1242, col 

I, para 2). Based on the teachings above and in the specification one of skill in the 
art would not expect that the claimed composition could be used as contemplated 
for the treatment of malignant tumors without specifically including an adjuvant as 
demonstrated in the specification. In view of the above, one of skill in the art would 
be forced into undue experimentation to practice the claimed invention. 

I I . Claims 70 is rejected under 35 USC 1 1 2, first paragraph, as the specification 
does not contain a written description of the claimed invention. The limitation of 
cyclophosphamide administration "only" prior to the first administration of said 
composition has no clear support in the specification and the claims as originally 
filed. The specification teaches that cyclophosphamide is administered 3 days prior 
to each vaccine administration (p. 44, lines 26-27) but does not specifically state 
that the cyclophosphamide is only administered prior to vaccine. The subject matter 
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claimed in claims 47-58 broadens the scope of the invention as originally disclosed 

in the specification. 

,2 Claims 57, 66 and 70 are rejected under 35 U.S.C. § 1 12, second paragraph, 
as being indefinite for failing to particularly point out and distinctly claim the subject 
matter which applicant regards as the invention. 

Claims 57 is indefinite because there is no antecedent basis for the term 
"cancer" in claim 44 from which claim 57 depends. 

Claim 66 is indefinite because there is no antecedent basis for the term 
"cancer" in claim 47 from which claim 66 depends. 

Claim 70 is indefinite because there is no antecedent basis for the phrase 
"wherein said therapeutically effective amount of cyclophophamide" in claim 47 
from which claim 70 depends. Further, the claim is indefinite as the term 
"cyclophophamide" appears to be a misspelling of the term cyclophospham.de. 

Claim Rejections -35 USC §103 
13 Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 10 , pages 8-12 and above drawn to the rejection of claims 
47 and 65-76. 

The claim is drawn to the method of claim 47 wherein said administrate 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 

predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 47 and 65-76 under 35 USC 103 are relevant to the mstant 
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rejection. The arguments have been considered but have not been found persuasive 
for the reasons set forth above. 

14. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 1 1 , pages 12-15 and above drawn to the rejection of claims 
47 and 65-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 

predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 47 and 65-76 under 35 USC 103 are relevant to the instant 
rejection. The arguments have been considered but have not been found persuasive 
for the reasons set forth above. 

15. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 12 , pages 15-18 and above drawn to the rejection of claims 



43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 



predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
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instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

16. Claim 77 is rejected under 35 USC 1 03 for the reasons previously set forth in 
Paper No. 36, Sections 13 , pages 18-21 and above drawn to the rejection of claims 
43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

17. Claim 77 is rejected under 35 USC 103 for the reasons previously set forth in 
Paper No. 36, Sections 14 , pages 21-25 and above drawn to the rejection of claims 
43, 44, 47 and 49-76. 

The claim is drawn to the method of claim 47 wherein said administration 
elicits T lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. 

The claim is obvious for the reasons previously set forth. Applicant's 
arguments are relevant to the instant rejection. The arguments drawn to the 
rejection of claims 43, 44, 47 and 49-76 under 35 USC 103 are relevant to the 
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instant rejection. The arguments have been considered but have not been found 
persuasive for the reasons set forth above. 

18 All other objections and rejections recited in Paper No. 36 are withdrawn. 

19. No claims allowed. 

20. Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
(703) 305-2 1 8 1 . The examiner can normally be reached on Monday through Friday 

from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Paula Hutzell, can be reached at (703) 308-43 10. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 




Susan Ungar 

Primary Patent Examiner 

March 20, 2000 
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1 The Election filed March 15, 1999 (Paper No. 35) in response to the Office 
Action of February 1, 1999 (Paper No. 33) is acknowledged and has been entered. 
Claims 43, 44, 47 and 49-76 are pending in the application and Claims 24-35 have 
been withdrawn from further consideration by the examiner under 37 CFR 1 .142(b) 
as being drawn to non-elected inventions. Claims 43, 44, 47 and 49-76 are 
currently under prosecution. 

2. Applicant's election with traverse of the species of Melanoma and DNP in 
Paper No. 35 is acknowledged. The traversal is on the ground(s) that the no 
restriction of species was made in the grandparent application, Serial No. 
07/520,649 filed May 8, 1990. The argument has been noted and found persuasive 
as drawn to the hapten species. However, the argument has not been found 
persuasive as drawn to the cancer type because a review of the cited application 
revealed that the reason that no election of species, drawn to types of cancers, was 
required was because no species were recited in the claims, farther, the speculation 
does not appear to be drawn to any type of cancer composition or methods of 
treatment, other than for melanoma. However, upon search of the elected spec.es, * 
became clear that irradiated autologous cancer vaccines were well known m the art 
at the time the invention was made and that haptenization of tumor cell vaccines was 
well known, therefore there was no undue burden in the search of the species and 
the requirement is withdrawn. . 

3. The text of those sections of Title 35, U.S. Code not included in this action 
can be found in a prior Office action. 

4 It is noted that a priority date of February 28, 1994 has been established for 
me instantly claimed application serial number 08/203,004 for all claims drawn to 
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breast, lung, colon, kidney or prostate tumors because the earlier filed applications 
do not disclose compositions comprising hapten modified tumor cell compositions 
or methods useful for the treatment of breast, lung, colon, kidney or prostate tumors. 
If applicant disagrees with any rejection set forth in this office action based on 
examiner's establishment of the priority date set forth above, applicant is invited to 
submit evidence pointing to the serial number, page and line where support can be 
found establishing an earlier priority date. 

New Grounds of Rejection 
Double Patenting 

5 Claims 47, 65-7 1,73, 74, 76 are rejected under the judicially created doctrine 
of obviousness-type double patenting as being unpatentable over claims 1 and 2 of 
U.S. Patent No.5,290,551 . Although the conflicting claims are not identical, they 
are not patentably distinct from each other because they relate to the same inventive 
concept. The patented claims are generic to the instant claims and render the species 
claims obvious as they have all the characteristics of a vaccine useful for the 
treatment of a malignant tumor, melanoma, in a human patient comprising irradiated 
autologous melanoma cell conjugated to a hapten selected from the group including 
DNP mixed with an immunological adjuvant wherein said immunological adjuvant 
is BCG and a method of treating melanoma comprising administering 
cyclophosphamide followed by administration of a therapeutically effective amount 
of the claimed vaccine. The limitations recited drawn to eliciting an inflammatory 
immune response against a delayed hypersensitivity response against the tumor, 
activated T lymphocytes that infiltrate the tumor wherein the T lymphocytes are 
predominantly CD8+CD4- are inherent properties of the method since the 
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population that is treated and the method steps recited in US Patent No. 
No.5,290,551 are the same as those of the instant claims. Thus, because the method 
of the patent comprises the same method steps as claimed in the instant invention, 
with the same population, the claimed method is made obvious because the method 
will inherently lead to eliciting an inflammatory immune response against a delayed 
hypersensitivity response against the tumor, activated T lymphocytes that infiltrate 
the tumor wherein the T lymphocytes are predominantly CD8+CD4-. See Ex parte 
Novitsk i 26 USPQ 1389 (BPAI 1993). Further, the recitation of repetition of 
administration of the vaccine at least six times at spaced apart intervals in claim 47 
does not render the claims unobvious because immunization schedules requiring 
administration of antigen at least six times at spaced intervals are conventional in the 
immunostimulation arts as demonstrated by the teaching in US Patent No. 5,702,704 
(col 20, lines 12-26), No. 5,626,843 (col. 4, lines 28-38), No. 5,008,183 col 5 lines 
48-54), No. 4,232,001 (col 5, lines 25-27) which all teach immunization with at 
least six booster injections of antigen. Although the teaching is drawn to the 
antibody art, it is well known that T cells must be stimulated in order to produce the 

detected antibodies. 

Applicant's argument in Paper No. 32 drawn to claims 47 and 76 are relevant 
to the instant rejection. Applicant argues that claim 47 calls for treating cancer by 
achninistering human tumor cells by repeating aininistration at least 6 times and 
claim 76 claims that administration elicits predominantly CD4-CD8+ T lymphocytes 
and that these claims are not suggested by the claims of the '551 patent. The 
argument has been noted but has not been found persuasive for the reasons stated 
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above, that is that the 6 time repetition is conventional in the immunostimulation art 
and that the CD4-CD8+ limitation is an inherent property of the method. 

Claim Rejections - 35 USC § 112 
6. Claims 44, 47, 56-62, 65-72 and 75-76 are rejected under 35 U.S.C. 1 12, first 
paragraph, because the specification, while being enabling for a method of treating a 
malignant tumor in a human patient comprising administering the composition of 
claim 43 and BCG, does not reasonably provide enablement for treatment a 
malignant tumor in a human patient without administering an BCG in combination 
with the claimed composition. The specification does not enable any person skilled 
in the art to winch it pertains, or with which it is most nearly connected, to use the 
invention commensurate in scope with these claims. 

The claims are drawn to treatment of malignant tumors with a composition 
comprising a hapten conjugated to a tumor cell. The specification teaches a 
melanoma vaccine administered with BCG and describes immune responses to the 
melanoma vaccine administered with BCG (page 19-43) and specifically teaches in 
the sentence bridging pages 27-28 that "all vaccines were DNP-conjugated and 
mixed with BCG". It appears that the inclusion of the adjuvant may be a critical 
step since Livingstone et al (of record) disclosed that in a melanoma vaccine using 
the GM2 ganglioside, antibody responses were not induced unless BCG was added 
to the purified GM2 vaccine (p. 2913, paragraph bridging columns 1 and 2). 

Livingstone et al also state that "adjuvants were important factors in the mouse 

studies and results of the present human trials indicate their importance in melanoma 
patients". Hoover et al, of record, also used BCG as an adjuvant in a colorectal 
cancer vaccine and states that the correct amount of the appropriate adjuvant was a 
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* f ,he success of the immunotherapy (p. 1242, col 1, para 2). 
critolCOnd,,1 ° n : iridinthe specificationoneofs.i.linthe art would 

not expect that the ciaime demonstrated in the 

specification. In view of the above, one of stall m he art 

7 Claim 73 is rejected under 35 USC 
toU.er limit claim 47 from which it depends. 

C/fl/m IteyecftVms " 35 USC § 102 
, a ^ tt s C § 102(a) as being anticipated by 
g. Claim 76 is rejected under 35 U.S.C § ; 

Murphy etal, of record. ftrpa w a malignant tumor in a patient 

compnstng - ^ conjugated t0 a Wapte „, are of the same 

effective amount of tumor « ^ ^ said ^ ^ 

t^or type as a malignant tumor of the paUen , 

havebeenrenderedincapableofgrowmgmhebodyo ^ 

m elanoma cells. Although the reference does not drsclose 

oft he prior art comprises me samememod steps as cto 
^Us.adn^steringtothepatientacompos.troncompns.ngamer 
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effective amount of tumor cells that are conjugated to a hapten, are of the same 
rumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection to 
the same population, thus the claimed method is anticipated because the method will 
inherently lead to eliciting T lymphocytes that infiltrate the tumor and that are 
predominantly CD8+CD4-. See Fx parte Novitski 26 USPQ 1389 (BPAI 1993). 

Applicant's arguments in Paper No. 32 drawn to the rejection of claim 76 
under 35 USC 102(a) are relevant to the instant rejection. Applicant argues that 
new claim 76 calls for a method of treating cancer by administering hapten- 
conjugated human tumor cells wherein said administering elicits predominantly 
CD4-CD8+ T lymphocytes and the Murphy et al paper does not disclose this 
limitation. The argument has been noted but has not been found persuasive for the 
reasons disclosed above, that is that the elicitation of specific T lymphocytes that 
infiltrate the tumor is an inherent property of the method. 

9. Claim 76 is rejected under 35 U.S.C. § 102(b) as being anticipated by Berd et 
al., Proc. AACR, 1989, 30:382, of record. 

The claim is drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said adrmnistration eliciting T lymphocytes that infiltrate the tumor and that 
are predominantly CD8+CD4-. 
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Berd et al teach a method for treating melanoma comprising administering a 
therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells. Although the reference does not disclose, the elicitation of the T 
lymphocytes that infiltrate the tumor and are predominantly CD8+CD4-, the method 
of the prior art comprises the same method steps as claimed in the instant invention, 
that is, administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection, to 
the same population, thus the claimed method is anticipated because the method will 
inherently lead to eliciting T lymphocytes that infiltrate the tumor and that are 
predominantly CD8+CD4-. See F,x parte Novitski 26 USPQ 1389 (BPAI 1993). 

Applicant's arguments in Paper No. 32 drawn to the rejection of claim 76 
under 35 USC 102(b) are relevant to the instant rejection. Applicant argues that 
new claim 76 calls for a method of treating cancer by adrninistering hapten- 
conjugated human tumor cells wherein said administering elicits predominantly 
CD4-CD8+ T lymphocytes and the Berd et al does not disclose this limitation. The 
argument has been noted but has not been found persuasive for the reasons 
disclosed above, that is that the elicitation of specific T lymphocytes that infiltrate 
the tumor is an inherent property of the method. 

Claim Rejections - 35 USC § 103 
10. Claims 47, 65-76 are rejected under 35 U.S.C. § 103 as being unpatentable 
over Murphy et al, of record draw to claim 76 in view of US Patent No. 5,702,704, 
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No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Berd et al., Proc. AACR, 1989, 
30:382, of record and Geczy et al, of record. 

The claims are drawn to a method of treating a malignant tumor in a patient 
comprising ao^ninistering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of the patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said composition eliciting at least one of the following upon administration 
to said patient with an adjuvant: an inflammatory immune response against the 
tumor; a delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor and repeating said administration at least six 
times at spaced apart intervals, wherein said tumor cells are selected from a group 
including melanoma, wherein the treating is useful for treatment of cancer selected 
from a group including melanoma, wherein said hapten is selected from the group 
including DNP, wherein the method further comprises administering a 
therapeutically effective amount of cyclophosphamide prior to administration of said 
composition, wherein the dose is about 300 mg/M 2 , wherein the patient is sensitized 
with l-fluoro-2,4-nitrobenzene prior to administration of cyclophosphamide wherein 
the composition comprises an adjuvant, BCG, wherein the life of the patient is 
prolonged, wherein the administration elicits T lymphocytes that infiltrate the tumor 
of said human, said lymphocytes being predominantly CD8+CD4-. 

Murphy et al teach as set forth above and further teach a method for treating 
melanoma comprising sensitizing with DNCB, adniinistering a therapeutically 
effective amount of cyclophosphamide and administering a therapeutically effective 
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amount of autologous, irradiated DNP-conjugated melanoma cells mixed with the 
adjuvant BCG. Murphy et al teach as set forth above but do not teach a method 
wherein the vaccine is boosted at least six times at spaced intervals, the 
administration of 300 mg/M 2 of cyclophosphamide, prior sensitization with 1-fluoro- 
2,4-nitrobenzene or eliciting at least one of the following upon administration to said 
patient with an adjuvant: an inflammatory immune response against the tumor; a 
delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor or wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-, wherein the life of the patient is prolonged. 

US Patent No. 5,702,704 (col 20, lines 12-26), No. 5,626,843 (col. 4, lines 
28-38), No. 5,008,183 col 5 lines 48-54), No. 4,232,001 (col 5, lines 25-27) all 
teach conventional immunization schedules wherein antigen administration is 
repeated at least six times at spaced intervals. 

Berd et'al teach a successful method of treating melanoma wherein a 
therapeutically effective amount of cyclophosphamide, 300 mg/M 2 of 
cyclophosphamide, is achninistered prior to autologous, irradiated, DNP-conjugated 
melanoma cells. 

Geczy et al teach that halogenated dinitrobenzenes such as 1-chloro- and 1- 
fluoro-2,4-dinitrobenzene are commonly used to elicit delayed hypersensitivity (p. 
189, para 1). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to combine the methods of Murphy et al and the 
cited patents because it is clearly conventional to repeat antigen adrninistration at 
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least six times at spaced intervals. Although the teaching is drawn to the antibody 
art, it is well known that T lymphocytes must be stimulated in order to produce the 
detected antibodies. One of ordinary skill in the art at the time would have expected 
to successfully use the method with the conventional immunization schedule. 
Further, although the limitations drawn to an inflammatory immune response against 
the tumor, a delayed-type hypersensitivity response against the tumor and activated 
T lymphocytes that infiltrate the tumor wherein the administration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4- are not recited in the reference, the method of the prior 
art comprises the same method steps as claimed in the instant invention, to treat the 
same population, thus the claimed method is anticipated because the method will 
inherently lead to an inflammatory immune response against the tumor, a delayed- 
type hypersensitivity response against the tumor and activated T lymphocytes that 
infiltrate the tumor wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4-. See 
Ex parte Novitski 26 USPQ 1389 (BPAI 1993). Further, it would have been prima 
facie obvious to one of ordinary skill in the art at the time the invention was made to 
use a dose of 300 mg/M 2 of cyclophosphamide in the method of Murphy et al 
because Berd et al teach that the dose is therapeutically effective in a method which 
uses the same haptenized melanoma cells with the same population of patients. One 
of ordinary skill in the art would have expected to successfully use the method of 
Murphy with a dosage of 300 mg/M 2 of cyclophosphamide because Berd et al 
demonstrated the successful use of the method. Finally, it would have been prima 
facie obvious to substitute DNFB for the DNCB of Murphy et al because Geczy et 
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al teach that halogenated dinitrobenzenes such a 1-chloro- and l-fluoro-2,4, 
dinitrobenzenes are commonly used to elicit delayed hypersensitivity and are clearly 
closely related haptenic molecules which function to produce the same effects and 
are therefore functionally equivalent. Finally, as drawn to prolonged survival, the 
claimed method appears to be the same as that of the prior art method absent a 
showing of unobvious differences. The office does not have the facilities for 
examining and comparing applicant's method with the method of the prior art in 
order to establish that the method of the prior art does not possess the same 
material structural and functional characteristics of the claimed method. In the 
absence of evidence to the contrary, the burden is upon the applicant to prove that 
the method of the prior art does not result in prolonged survival of the patient and is 
functionally different than the method taught by the prior art and to establish 
patentable differences. See In re Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) 
and Ex parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. Pat.App. & Int.). 

Applicant's arguments drawn to the rejection of claims 47, 65-71, 73 and 74 

in Paper No. 32 are relevant to the instant rejection. 

Applicant argues that claims 47, 65-71, 73 and 74 are not anticipated by 

Murphy et al because claims 65-71, 73 and 74 depend from claim 47. The argument 

has been noted but has not been found persuasive for the reasons disclosed above. 

11. Claims 47, 65-76 are rejected under 35 U.S.C. § 103 as being unpatentable 

over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US Patent No. 

5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Geczy et al, of 

record. 
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The claims are drawn to a method of treating a malignant tumor in a patient 
comprising administering to the patient a composition comprising a therapeutically 
effective amount of tumor cells that are conjugated to a hapten, are of the same 
tumor type as a malignant tumor of me patient, are autologous to said patient and 
have been rendered incapable of growing in the body of a human upon injection 
therein, said composition eliciting at least one of die following upon administration 
to said patient with an adjuvant: an inflammatory immune response against the 
tumor; a delayed-type hypersensitivity response against the tumor; and activated T 
lymphocytes that infiltrate the tumor and repeating said administration at least six 
times at spaced apart intervals, wherein said tumor cells are selected from a group 
including melanoma, wherein the treating is useful for treatment of cancer selected 
from a group including melanoma, wherein said hapten is selected from the group 
including DNP, wherein the method further comprises administering a 
therapeutically effective amount of cyclophosphamide prior to administration of said 
composition, wherein the dose is about 300 mg/M 2 , wherein the patient is sensitized 
with l-fluoro-2,4-nitrobenzene prior to administration of cyclophosphamide wherem 
the composition comprises an adjuvant, BGC, wherein the administration prolongs 
survival of said patient wherein the administration elicits T lymphocytes that 
infiltrate the tumor of said human, said lymphocytes being predominantly 
CD8+CD4-. 

Berd et al teach a method for treating melanoma comprising sensitizing with 
DNCB, administering 300 mg/M 2 of cyclophosphamide prior to adrninistering a 
therapeutically effective amount of autologous, irradiated DNP-conjugated 
melanoma cells mixed with the adjuvant BCG wherein the patients are sensitized 
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with DNCB prior to cyclophosphamide administration. Berd et al teach as set forth 
but do not teach a method wherein the vaccine is boosted at least six times at spaced 
intervals or eliciting at least one of the following upon administration to said patient 
with an adjuvant: an inflammatory immune response against the tumor; a delayed- 
type hypersensitivity response against the tumor; and activated T lymphocytes that 
infiltrate the tumor or wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4- or that 
the administration prolongs survival of the patient. 

US Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 and No. 4,232,001 

and Geczy et al teach as set forth above. 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time die invention was made to combine the methods of Berd et al and the cited 
patents because it is clearly conventional to repeat antigen admimstration at least six 
times at spaced intervals. Although the teaching is drawn to the antibody art, it is 
well known that T lymphocytes must be stimulated in order to produce the detected 
antibodies. One of ordinary skill in the art at the time would have expected to 
successfully use the method with the conventional immunization schedule. Further, 
although die limitations drawn to an inflammatory immune response against the 
tumor, a delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the a(lministration elicits T 
lymphocytes that infiltrate the tumor of said human, said lymphocytes being 
predominantly CD8+CD4-. are not recited in the reference, the method of the prior 
art comprises the same method steps as claimed in the instant invention, and the 
same population, thus the claimed method is anticipated because the method will 
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inherently lead to an inflammatory immune response against the tumor, a delayed- 
type hypersensitivity response against the tumor and activated T lymphocytes that 
infiltrate the tumor wherein the administration elicits T lymphocytes that infiltrate 
the tumor of said human, said lymphocytes being predominantly CD8+CD4-. . See 
Ex^teJioyitski 26 USPQ 1389 (BPAI 1993). It would have been prima facie 
obvious to substitute DNFB for the DNCB of Berd et al because Geczy et al teach 
that halogenated dinitrobenzenes such a 1-chloro- and l-fluoro-2,4, dinitrobenzenes 
are commonly used to elicit delayed hypersensitivity and are clearly closely related 
haptenic molecules which function to produce the same effects and are therefore 
functionally equivalent. Finally, as drawn to prolonged survival, the claimed method 
appears to be the same as that of the prior art method absent a showing of 
unobvious differences. The office does not have the facilities for examining and 
comparing applicant's method with the method of the prior art in order to establish 
that the method of the prior art does not possess the same material structural and 
functional characteristics of the claimed method. In the absence of evidence to the 
contrary, the burden is upon the applicant to prove that the method of the prior art 
does not result in prolonged survival of the patient and is functionally different than 
the method taught by the prior art and to establish patentable differences. See In re 
Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 
1922 1923 (PTO Bd. Pat.App. & Int.). 

12. Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al., Proc. AACR, 1989, 30:382, of record, in view of US 
Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001 and Geczy 



Page 16 

Serial No: 08/203,004 
Art Unit: 1642 

et al, of record, as applied to claims 47, 65-76 and further in view of Wiseman et al 
(Western J. Med., 1989, 151:283-288). 

The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to sard pattern, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response agamst the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are selected from lung, 
colon and kidney, wherein said hapten is selected from the group including DNP 
and TNP wherein the composition further comprises a carrier which is a saline 
solution or culture medium, wherein the method is useful for the treatment of lung 
cancer, colon cancer, or kidney cancer, wherein the method further composes 
administering a therapeutically effective amount of cyclophosphamide, 300 mg/M>, 
further comprising sensitizing the patient to a therapeutically effective amount of 1- 
fluoro-2 4 dmitrobenzene prior to administering cyclophosphamide, wherem said 
aoministration prolongs survival of the patient, wherein said aAninistration elicits T 
lymphocytes that infiltrate the tumor said lymphocytes being predominantly 
CD8+CD4. 
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Berd et al (1989) record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, and Geczy et al teach as set forth 
above but the combined references do not teach a composition or method of 
treatment wherein the tumor cells are kidney, colon, lung or wherein the cancer 
treated is kidney cancer, colon cancer or lung cancer. 

Wiseman et al teaches compositions comprising autologous irradiated 
melanoma cancer cells, lung cancer cells, colon cancer cells and kidney cancer cells 
which are administered to treat patients with melanoma, lung cancer, colon cancer, 
and kidney cancer (Table 3, page 285), respectively wherein the patients were 
pretreated with 300 mg/M 2 cyclophosphamide (see abstract - Drug Table) wherein 
the patients showed increased immunological responses to the cancer (see abstract) 
wherein patients with, lung cancer, colon cancer, and kidney cancer all showed 
prolonged survival (Table 3, page 285). 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the lung cancer cells, colon cancer 
cells or kidney cancer cells of Wiseman et al in the method of Berd et al because 
each of these cell types had been demonstrated to be immunogenic and to elicit 
responses in the respective cancer patients and because Berd et al teaches that 
haptenizing cancer cells increases the efficiency of the immunizing process. One of 
ordinary skill in the art at the time the invention was made would have been 
motivated to substitute the tumor cells of Wiseman et al into the method of Berd et 
al because Wiseman et al teach that their method prolongs survival in some cases 
and Berd et al teach that their method increases efficiency of the immunization 
process, thus increased efficiency would be expected to result in increased treatment 
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efficacy. Further, as drawn to claims 54-55, it is clearly obvious to include a saline 
carrier in a composition which is prepared for in vivo administration because it has 
been held by the Court that a compound and a carrier are obvious, if it is obvious in 
the art to utilize a carrier with related compounds. See In re Rosicky, 125 USPQ 
341 (CCPA 1960). Finally, as drawn to the limitations including, eliciting an 
inflammatory immune response against the tumor, at least one of an inflammatory 
response against the tumor, a delayed-type hypersensitivity response against the 
tumor and activated T, elicits T lymphocytes that infiltrate the tumor said 
lymphocytes being predominantly CD8+CD4, the claimed compositions and 
methods of treatment appear to be the same or similar to those of the combined 
references absent a showing of unobvious differences. The office does not have the 
facilities for examining and comparing applicant's product or methods with the 
product or methods of die combined prior art in order to establish that the product or 
methods of the combined prior art does not possess the same material structural and 
functional characteristics of the claimed product or methods. In the absence of 
evidence to the contrary, the burden is upon the applicant to prove that the claimed 
products and methods are functionally different than those taught by the combined 
prior art and to establish patentable differences. See In re Best, 562 F.2d 1252, 195 
USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. 
Pat.App. & Int.). 

13 . Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Berd et al. (1989) of record, in view of US Patent No. 5,702,704, 
No. 5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied 
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to claims 43, 44, 47 and 49-76 and further in view of Berd et al (Proc. Am. Soc. 

Clin. Oncol., 1983, Vol 2:56) 

The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
rumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following admimstration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are selected from the 
group including breast, wherein said hapten is selected from die group including 
DNP and TNP, wherein the composition further comprises a carrier which is a 
saline solution or culture medium, wherein the method is useful for the treatment of 
breast cancer wherein the method further comprises aclministering a therapeutically 
effective amount of cyclophosphamide, 300 mg/M 2 , further comprising sensitizing 
the patient to a therapeutically effective amount of l-fluoro-2,4, dinitrobenzene prior 
to aclministering cyclophosphamide, wherein said administration elicits T 
lymphocytes that infiltrate the tumor said lymphocytes being predominantly 
CD8+CD4-. 

Berd et al., (1989) of record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, of record, as applied to 



Serial No: 08/203,004 Page 20 

Art Unit: 1642 

claims 43, 44, 47 and 49-76 teach as set forth above but the combined references do 
not teach a composition or method of treatment wherein the tumor cells are breast or 
wherein the cancer treated is breast cancer or wherein the life of the patient is 
prolonged. 

Berd et al (1983) teach a composition and a method for the treatment of 
breast carcinoma comprising administration of autologous tumor cell/BCG preceded 
by cyclophosphamide which administration resulted in delayed-type hypersensitivity 
in 5 patients. 

It would have been prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the breast cancer cells of Berd et al 
(1983) in the method of Berd et al (1989) because this cell type had been 
demonstrated to be immunogenic and to elicit responses in the breast cancer patients 
and one of ordinary skill in the art would have been motivated to substitute the 
breast cancer cells of Berd et al (1983) in the method of Berd et al (1989) because 
Berd et al teaches that haptenizing cancer cells increases the efficiency of the 
iinmunizing process, thus increased efficiency would be expected to result in 
increased treatment efficacy. Further, as drawn to claims 54-55, it is clearly obvious 
to include a saline carrier in a composition which is prepared for in vivo 
adniinistration because it has been held by the Court that a compound and a carrier 
are obvious, if it is obvious in the art to utilize a carrier with related compounds. 
See In re Rosicky, 125 USPQ 341 (CCPA 1960). Finally, as drawn to the 
limitations including, eliciting an inflammatory immune response against the tumor, 
at least one of an inflammatory response against the tumor, a delayed-type 
hypersensitivity response against the tumor and activated T, elicits T lymphocytes 
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that infiltrate the tumor said lymphocytes being predominantly CD8+CD4 and 
administration leading to prolonged survival of the patient, the claimed 
compositions and methods of treatment appear to be the same or similar to those of 
,he combined references absent a showing of unobvious differences. The office does 
not have the facilities for examining and comparing applicant's product or methods 
with the product or methods of the combined prior art in order to establish that the 
product or methods of the combined prior art does not possess the same material 
structural and factional characteristics of the claimed product or methods. In the 
absence of evidence to the contrary, the burden is upon the applicant to prove that 
the claimed products and methods are functionally different than those taught by the 
combined prior art and to establish patentable different. See m re Best, 562 F.2d 
1252 195 USPQ 430 (CCPA 1977) and Ex parte Gray, 10 USPQ 2d 1922 1923 
(PTO Bd. PatApp. & Int. Finally although the reference does not specifically teach 
irradiation of the tumor cells prior to administration, it is clear that it would have 
beenprima facie obvious and one of ordinary skill in the art would have been 
motivated to treat the cells to prevent their growth in a body prior to admimstratton, 
in order to prevent exogenously derived cancer in the patient. 
14 Claims 43, 44, 47 and 49-76 are rejected under 35 U.S.C. § 103 as being 
unpatentable over Herd et al., Proc. AACR, 1989, 30:382, of record, in view of US 
Patent No. 5,702,704, No. 5,626,843, No. 5,008,183 or No. 4,232,001, Geczy et al, 
of record, as applied to claims 43, 44, 47 and 49-76 and further in view of Sanda et 
al (J. Cellular Biochem. Suppl. No. 17, Part D, p. 120) and Moody et al (J. Urol., 
1991, 145:293A). 
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The claims are drawn to a composition comprising human tumor cells that are 
conjugated to a hapten, are of the same tumor type as a malignant tumor of a patient 
for whom treatment with the composition is intended, are autologous to said patient, 
have been rendered incapable of growing in the body of a human upon injection 
therein said composition eliciting an inflammatory immune response against the 
tumor wherein the tumor is not melanoma, a method for treating a malignant tumor 
in a human patient comprising administering said composition to the patient wherein 
said composition elicits, following administration of said composition with an 
adjuvant, BCG at least one of an inflammatory response against the tumor, a 
delayed-type hypersensitivity response against the tumor and activated T 
lymphocytes that infiltrate the tumor, wherein the tumor cells are prostate, wherein 
said hapten is selected from the group including DNP and TOP, wherein the 
composition further comprises a carrier which is a saline solution or culture medium, 
wherein the method is useful for the treatment prostate cancer, wherein the method 
further comprises administering a therapeutically effective amount of 
cyclophosphamide, 300 rng/M 2 , further comprising sensitizing the patient to a 
therapeutically effective amount of l-fluoro-2,4, dinitrobenzene prior to 
administering cyclophosphamide, wherein the life of the patient is prolonged, 
wherein said a<hninistration elicits T lymphocytes that infiltrate the tumor said 
lymphocytes being predominantly CD8+CD4-. 

Berd et al. (1989), of record, in view of US Patent No. 5,702,704, No. 
5,626,843, No. 5,008,183 or No. 4,232,001 , Geczy et al, of record, as applied to 
claims 43, 44, 47 and 49-76 teach as set forth above but the combined references do 
not teach a composition or method of treatment wherein the tumor cells are prostate 



Page 23 

Serial No: 08/203,004 
Art Unit: 1642 

or wherein the cancer treated is prostate cancer or wherein the life of the patient is 
prolonged. 

Moody et al (J. Urol., 1991, 145:293A) teach that lymphokine-transfected 
prostate cells generate an anti-tumor effect ft. vivo against rapidly growing rat 
prostate carcinoma induced by autologous, cells that were not transfected. 

Sandra et al addressed the feasibility of gene therapy for human prostate 
cancer by demonstrating that retroviral vector MFG allows high efficiency 
transduction of human prostate cancer cells which was demonstrated in primary 
culture prostate cancer cells from 7 consecutive patients which demonstrates the 
feasibility of using MFG in genetic therapy for prostate cancer (see abstract). 

I, would have h^prima facie obvious to one of ordinary skill in the art at 
the time the invention was made to substitute the prostate cancer cells of Sandra et 
al, transfected with lymphokine in the method of Moody et al for the melanoma cells 
in the method of Berd et al because Moody et al have demonstrated in an 
appropriate animal model that lymphokine-transfected prostate cells generate an 
anti-tumor effect in vivo against rapidly growing prostate carcinoma and because 
Sandra et al have demonstrated the feasibility of gene therapy for human prostate 
cancer by demonstrating the successful transfection of human prostate cancer cells 
with retroviral vector MFG. One of ordinary skill in the art would have been 
motivated to substitute the prostate cancer cells of Sandra et al, transfected wuh 
lymp hokine in the method of Moody et al for the melanoma cells in the method of 
Berd et al because autologous anti-cancer cell vaccination was known to those of 
ordinary skill in the art and because Berd et al teach that the method that 
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haptenizing cancer cells increases the efficiency of the immunizing process, thus 
increased efficiency would be expected to result in increased treatment efficacy. 
Further, as drawn to claims 54-55, it is clearly obvious to include a saline carrier in 
a composition which is prepared for in vivo adrninistration because it has been held 
by the Court that a compound and a carrier are obvious, if it is obvious in the art to 
utilize a carrier with related compounds. See In re Rosicky, 125 USPQ 341 (CCPA 
1960). Finally, as drawn to the limitations including, eliciting an inflammatory 
immune response against the tumor, at least one of an inflammatory response 
against the tumor, a delayed-type hypersensitivity response against the tumor and 
activated T, elicits T lymphocytes that infiltrate the tumor said lymphocytes being 
predominantly CD8+CD4 and administration leading to prolonged survival of the 
patient, the claimed compositions and methods of treatment appear to be the same 
or similar to those of die combined references absent a showing of unobvious 
differences. The office does not have the facilities for examining and comparing 
applicant's product or methods with the product or methods of the combined prior 
art in order to establish that the product or methods of the combined prior art does 
not possess the same material structural and functional characteristics of the claimed 
product or methods. In the absence of evidence to the contrary, the burden is upon 
the applicant to prove that the claimed products and methods are functionally 
different than those taught by the combined prior art and to establish patentable 
differences. See In re Best, 562 F.2d 1252, 195 USPQ 430 (CCPA 1977) and Ex 
parte Gray, 10 USPQ 2d 1922 1923 (PTO Bd. Pat.App. & Int. Although neither the 
Moody et al or Sandra et al reference specifically teaches irradiation of the tumor 
cells prior to administration, it is clear that it would have been prima facie obvious 
and one of ordinary skill in the art would have been motivated to treat the cells to 
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prevent their growth in a body prior to administration, in order to prevent 
exogenously derived cancer in the patient. 

15. If applicant disagrees with any rejection set forth in this office action based 
on examiner's establishment of a priority date of February 28, 1994 for the instantly 
claimed application serial number 08/203.004, applicant is invited to submit 
evidence pointing to the serial number, page and line where support can be found 
establishing an earlier priority date. 

16. No claims allowed. 

1 7 Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Susan Ungar, PhD whose telephone number is 
(703) 305-2181 . The examiner can normally be reached on Monday through Friday 
from 7:30am to 4pm. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Paula Hutzell, can be reached at (703) 308-4310. The fax 
phone number for this Art Unit is (703) 308-4242. 

Any inquiry of a general nature or relating to the status of this application or 
proceeding should be directed to the Group receptionist whose telephone number is 
(703) 308-0196. 

Effective, February 7, 1998, the Group and/or Art Unit location of your 
application in the PTO has changed. To aid in correlating any papers for this 
application, all further correspondence regarding this application should be directed 
to Group Art Unit 1642. 

susan Ungar » 
April 26, 1999 
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407 MATURE TERATOMA IN THE LUNG FOLLOWING GONADAL 

TER ATOCA RCINOM A. C.A. Moran and D. Carter. Yale 
University School of Medicine. New Haven. Ct. 

Three cases in which mature teratomas were the only 
pulmonary manifestation of metastases from gonadal 
tcraiocarcinomas - Embryonal carcinoma & Teratoma - were 
found in the files of the Yale-New Haven Hospital. The patients 
were all men . 24, 26. and 58 years of age when orchiectomy was 
performed. The primary tumors each contained a prominent 
embryonal carcinoma component as well as elements of mature 
and immature teratoma. .The interval from orchiectomy to 
appearance of pulmonary metastases was less than 4 months and 
chemotherapy was given prior to removal of (he pulmonary 
metastases in all cases. Two underwent thoracotomy promptly 
but the interval was 9 years in the other. In two. the lesions were 
solitary; the resection at 9 years contained multiple lesions. All 
were solid and cystic grossly and entirely mature 
microscopically. Dermal and mucin-sccrcting glandular 
epithelium predominated in the cystic areas; fibrous stroma was 
the predominant feature of the solid areas. Bronchial 
differentiation, which is usually a component of primary mature 
and immature teratomas of the lung, was not evident. The course 
in all cases has been indolent with none of the patients showing 
manifestations of disease at (his time. 
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410 DETECTION OF IMMUNOGLOBULIN (la) GENE 
UTILIZATION BY IN SITU HYBRIDIZATION (ISH) WITH 
OLIGONUCLEOTIDE PROBES 
J.D. Mueller. AA. Long*, KJ. Barrelf. R.S. Schwartt\ HJ. Wolfe, 
Dept. of Pathology, Laboratory of Molecular Pathology and Drv. of 
Hem&totogy-Oocology, *DepC of Interna] Medicine. Division of 
HeoaaiologyOncology TufU-New England Medical Center. Boston, MA 

There is very little information concerning the expressed Ig repertoire 
of undetected human B lymphocytes. We have developed a ISH method 
utilizing oligonucleotide probes (23-30 bases long) complimentary to 
specific mRNA sequences of the constant regions (IgM and IgG) and 
variable regions of human Ig heavy chain, including each of the 6 
£5?? X? ? tM famUiw ^ 2 individual hypervariabie regions 
(CDRj). Probes were labelled to high specific activity (> lO'cpm/ug) 
with S35 dATP using terminal deoxynucleolidyl transferase. Cells were 
prefixed in 2% paraformaldehyde and cylospun onto gelatinized slides. 
Human B lymphocyte clones producing Ig of known isotype and whose 
heavy chain nucleic acid sequences were known, were used to develop 
optimal ISH conditions for each individual probe. Required stringencies 
were achieved by varying the % formamide of hybridization and wash 
solutions main Laming constant temperature and salt concentrations. 
Clones expressing different VH families are readily distinguishable and, 
under high stringency, clones with sequence homology of up to 87% (2 
bases difference in a 23 base sequence) may aUo be distinguished. In 
penpheral blood B lymphocytes, the frequency expression of individual 
Vh and CDR sequences by single B cells can be enumerated with this 
technique, thus permitting a precise determination of the expressed 
repertoire of human immunoglobulin genes in normal and diseased 
states. 



408 lMACE ANALYSIS 0F NUCLEOLI AND NUCLEOLAR ORCANIZINC 

REGIONS IN PROSTATIC HYPERPLASIA, PIN, AND PROSTATIC 
CARCINOMA. F. Hostofi, I. Sesterhenn, R. Becker, T. Lin, 
and C. Davla, Armed Forces Institute of Pathology, 
Washington, DC 

Nucleolar organizing regions (NORs) are structures on 
short arms of chromosomes 13, U, 15, 21, and 22. These are 
believed to be associated with genes Involving rRNA trans- 
cription during the late interphase. NORs can be 
demonstrated In forma I in- fixed , paraffin-embedded tissue by 
use of colloidal silver stains. In normal cells, only one 
or two of these are visible. NOR counts have been used to 
differentiate bet-rein benign and aailgnanc lesions. 

We studied 20 prostates exhibiting areas of hyperplasia 
Invasive carcinoma (PCa) and intraepithelial neoplasia 
<PIN). We counted 50 nuclei from each area of hyperplasia, 
100 of each PCa area, and 100 from each PIN area. The 
measurement was carried out using Lelcr-TAS system and 
• : ::ermined the total combined area of nucleoli and NORs per 
nucleus. The pooled data of hyperplasia differed from 
rhnse of PIH and invasive carcinoma. The pooled values of 
?:N differed only slightly from those of the invasive 
cir'.fnomas. The determination or NORs la an objective 
3Wi;.iot] :o differentiate PIN from hyperplasia. The 
impression, gained on H-E stained sections and immuno- 
?a:holo-y, that PIN is related to carcinoma is further 
supported by the NOR values which suggest proliferative 
activity similar to that of carcinomas. 



411 DETECTION OF HUMAN T-CELL LEUKEMIA VIRUS TYPE 

I DNA IN FORMALIN FIXED PARAFFIN EMBEDDED 
TISSUE BY POLYMERASE CHAIN REACTION . K. Mukai, Y. 
Sato, S. Furuya, T. Kinoshita, and Y. Shimosato, 
National Cancer Center Research Institute, Tokyo, 
Japan 

Oefinite diagnosis of adult T-cell leukemia/ 
lymphoma ( ATLL ) cannot be made in cases which were 
diagnosed and treated before the development of 
serological tests for human T-cell leukemia virus 
type I (HTLV-I). In order to assess whether retro- 
spective study of ATLL is feasible, detection of 
HTLV-I DNA in formalin fixed paraffin embedded 
tumor tissue of known ATLL patients was attempted 
using polymerase chain reaction (PCR). A crufie DNA 
sample from a 5 micron paraffin section was used as 
a template for in vitro enzymatic amplification of 
a 120 base long sequence within the gag gene of 
HTLV-I . In 10 cases of ATLL with positive antibody 
titers for HTLV-I, the presence of HTLV-1 sequence 
was detected in all cases. In addition, four of 
five cases of clinically suspected ATLL but without 
serological confirmation showed positive reaction 
for HTLV-I. 

The results indicated that PCR is a sensitive 
tool for detection of HTLV-I DNA in formalin fixed 
paraffin embedded tissue and that this method can 
be applied for retrospective study of ATLL. 



409 EXPRESSION OF a ACT IN AND DESMIN IN NON- 
MUSCLE SARCOMAS AND SARCOMA-LIKE LESIONS. P. 
Mozzicato, N. Azumi. and K. Leslie. University of Vermont College of 
Medicine, Burlington, VT and Georgetown University School of 
Medicine, Washington. DC 

£ actin is an ubiquitous isotype of this cytoskclctal filament and is 
not specific for muscle cells. Because many anti-actin antibodies detect 
this isotype. they arc not useful in the diagnosis of sarcoid: ..uv.vin* 
muscle differentiation. The development of monoclonal antibodies 
specific (o muscle isotypes of actin fct ind/or 7) and to desmin have 
proved useful in the diagnosis of Iciom^arcoma and rhabdomyosar- 
coma W C have found, however, that other mesenchymal lesions with- 
out riu'dc differentiation occasionally express muscle-specific acti.v To 

her o*.fi::c expression of musclc-ipccific act in among ihcs-j 
mesenchymal lesions, we performed immunohisiochcmical studies using 
a monoclonal antibody to smooth -muscle specific isotype of aciin (n- 
SM actin). In addition, monoclonal antibodies to vimcntin and to 
dcsm.n were used. We examined formalin-fixcd. paraffin-embedded tis- 
sues from eases of malignant fibrous histiocytoma (MFH), nodui:;; 
I jctitts. and fibrosarcoma. Approximately 25% of the MFH cases jii'j 
virtually all of the nodular fasciitis cases showed at lca*t focal a-SM 
actin and. less frequently, desmin positivity. One case of fibrosarcoma 
tlmu-cd weak and focal u-SM actin positivity. Wc -.onc^.ue :a..i ih,* 
"spurious* actin and desmin reactivity most likely indicates myotiorob- 
lastic differentiation in non-muscle soft tissue lesions. Furthermore, cau- 
tion should be exercised when diagnosing muscle differentiation in a 
eiven mesenchymal lesion based solely on reactivity of these antibodies. 




Alp TUMOR INFILTRATING T CELLS IN METASTATIC MELANOMA: 

INDUCTION BY IMMUNIZATION WITH AUTOLOGOUS. DNP- 
CONJUGATED TUMOR CELLS G. F. Murphy, A. Radu. M. Mastrangeto, 0. Bert. 
JJniverstty ol Pennsylvania & Thomas Alle/iAn University. Philadelphia. PA ""^ 

The purpose ol this study was to determine whether immune mechanisms are 
responsible lor clinically- regressing melanoma metastases in the dermis and 
subcutis ol patients who have been immunized with dinitrophenol (ONP)- 
conjugated melanoma cells. Two weeks after topical sensitization with 
dinitrochlorooenzene. subjects pretreated with the immunopotentiating agent 
cyclophosphamide were injected with vaccine consisting of 1 0-25X1 0 6 
autologous, inadiated. ONP-conjugated melanoma cells mixed with BCG. A total 
o( 10 exas tonal biopsies of metastatic nodules from 7 patients were obtained 
coincident with evidence ol cli ni cal repression (erythema .softening. di PPinulion <n 
s. : :e) v«Tidreas"ta7,rnune cc-us :cjio not be delected in tumor nodules prior to 
Therapy, immunohistochemical analysis ol regressing lesions after immunization 
revealed inliltraticn by preponderantly T cells with cyiotoiic/suppressor 
phenol ype. All T cells expressed hla-OR antigen, and variable numbers snowed 
reacivdy tor tl-2 receptor and C045R lymphocyte surface antigen (2H4) associaicd 
with suppressor-inducer function. !ne.*ceiiutar adhesion molecule- 1 (iCAM-t) was 
expressed (oca"y by meiaroma ce 'is. and the pauerns cl reactivity coincided 
pr ecseiy v.v.n zor.es ot T ce" ■mill ration. Numerous HLAORposiiive. CD4- 
positive. Leu 1 -negative dendritic ceils infiltrated throughout ire melanoma 
nodules. Rare clusters cl natural Kilter cetis (Leu 7, Leu it, and NXH-: -positive) 
were v.to Je*ectri. n \,~.crs exhibiting local necrosis. T cells and dendraic celts 
a -sre ~.z Jcnger prcrrnnert. and Leu M1 positive monocyte/macrophages 
represented ;ne predominant inflammatory :*j type. 

These data indicate that tumor regression m trus model involves activated T cells 
wim potential lor cytotoxic function ar.d dendritic cells putaiively capable 01 tocai 
aniigen presentation. ICAMI induction appears to be associated with T celi tu^' 
cell adhesion induced oy tr..s novel mcde of immunotherapy. 
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ABSTRACT 



The circulating advanced glycosylation endproducts 
Hb-AGB, serum AC&peptides and urinary AGE-peptides 
are disclosed as long term markers of diseases and dysfunc- 
tions having as a characteristic the presence of a measurable 
difference in AGE eventration. Diagnostic and therapeutic 
protocols taking advantage of the characteristics of these 
AGEs are disclosed. Antibodies which recognize and bond to 
in vivo-derived advanced glycosylation endproducts are also 
disclosed. Methods of using these antibodies as well as 
pharmaceutical compositions are also disclosed, along with 
numerous diagnostic applications, including memods for the 
measurement of (be presence and amount of advanced 
glycosylation endproducts in both plants and animals, 
including humans, as well as in cultivated and systhesized 
protein material for merapcutic use. 

15 Claims, 12 Drawing Sheeta 
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ANTIBODIES TO IN ^ADVANCED T^cSb&St^L OF 

GLYCOSYIATION ENDPRODCCTS A ^J^ GLYTOSYI^nON". Makita, Z.. Vlassara. 

ppncc RFFRRFNCETO RELATED H., Rayfield. E., Gutwrigbt, K., Friedman, E., Rodby, PL, 

^SSS 5 Cerami. A., and Bucala, R-. SCIENCE, (In Press). All of the 

^ foregoing publications and aU other references cited herein 

The present Application Is a Division of application Set ^ incorporated by reference. 

'SS£Z£2%Z£E3t3iS& background of the invenhon 

filed Dec 20, 1991. now abandoned, by fee inventor herein. w ^ invention relates generally to the detection 

Priority under 35 U.S.C. §120 is claimed as to toe above ^ measurement of nonenzymatically glycosylated 
earlier filed Application, and the disclosure thereof is inoor- proteins, and particularly to methods and associated mate- 
porated herein by reference. rials for the detection and measurement of proteins that have 

mroi tPA „ v<: been nonenzymaticaUy glycosylated in vivo. 

RELATED PUBLICATIONS 15 Reducing sugars, e.g., glucose, have been shown to react 

The following articles are noted as they are generally non-enzymatically with protein amino groups to form a 
directed to the subject matter of the present invention: se ries ofprotein bound moieties with fluorescent and 

"FUNCTION OF MACROPHAGE RECEPTOR FOR crosslinMng properties. These compounds, called advanced 
NONENZYMATICALLY GLYCOSYLATED PROTEINS gi yC osylation endproducts ("AGEs"), have been impUcated 
IS MODULATED BY INSULIN LEVELS", Vlassara, 20 m the structural and functional alteration of proteins during 
Brownlec and Cerami, DIABETES (1986"), Vol, 35 Supp. 1, aging and in certain diseases, e.g., long-term diabetes. 
Pace 13a- "ACCUMULATION OF DIABETIC RAT Several AGEs have been identified on the basis of de novo 
PERIPHERAL NERVE MYELIN BY MACROPHAGES synthesis and tissue isolation procedures. 
INCREASES WITH THE PRESENCE OF ADVANCED ^ reaction between reducing sugars and the free amino 
GLYCOSYLATION ENDPRODUCTS", Vlassara, H., 25 groups of proteins initiates the post-translational modifica- 
Brownlee, M, and Cerami A. J. EXP. MED. (1984), VoL don ^ X)CSS called advanced glycosylation. This process 
160 pp. 197-207; 'KECOGNmON AND UPTAKE OF bc ^ ns ^ a reversible reaction between the reducing sugar 
HUMAN DIABETIC PERIPHERAL NERVE MYELIN BY ^ me amino group to/om* Schiffbase, which proceeds 
MACROPHAGES", Vlassara, H., Brownlec, M„ and to form a covalently-bondcd Amadori rearrangement prod- 
Cerami, A. DIABETES (1985), Vol. 34, No. 6, pp. 553-557; 30 uct fonnc ^ the Amadori product undergoes further 
"HIGH-AFITNITY-RECEPTQR-Ml^IArE D UFT A™ rearrangement to produce AGEs. 
AND DEGRADATION OF GLUCOSE-MODIFIED PRO- Beca use these reactions occur slowly, proteins may accu- 
TEINS: A POTENTIAL MECHANISM FOR THE m ^ fiignificailt amounts of Amadori products before 
REMOVAL OF SENESCENT MACROMOLECULE", aocumulatillg a measurahle amount of AGEs in vivo. These 
Vlassara H., Brownlec, M., and Cerami, A., PROC NATL. 35 AG£s ^ ^ to ^ crosslinldng, which in turn may 
ACAD. SCX USA. (September, 1985), Vol. 82, pp. mc structural and/or functional integrity of organs 

5588-5592; "NOVEL MACROPHAGE RECEPTOR FOR . parUt thus ultimately reducing or impairing organ 
GLUCOSE-MODIFIED PROTEINS IS DIS1TNCT FROM 

PREVIOUSLY DESCRIBED SCAVENGER m ^^gycosykti^ 

RECEPTORS**, Vlassara, R, Brownlec, M., ^Cam^A- 40 m mat occurs in proteins with long half-lives, such 

JOUR. EXP. MED. (1986), Vol. ^^^^ « collagen and under conditions of relatively high sugar 
-ROLE OF NONENZYMATIC GLYCOSYLAITON IN ^30" as in diabetes mdlitus. Numerous stud- 
ATHEROGENICS IS *\ Cerami, A., Vlassara, IL, and suERested that AGEs play an important role in the 

Brownlec, M, JOURNAL ^ BIO^^- ^S/i&onal alteradon which occurs in proteins 

TRY (1986), Vol. 30, J^j^^^SSSt 45 onrtng aging and in chronic disease. 
HON OF A SOLUBHJZED CELL SURFACE BWDING advanced dvcosylation endproducts are 

PROTEIN ON MACROPHAGES SPECIFIC FOR FRO- j^ to0 f lV^^ galactosemic and 

TEINS MODIFIED NONENZYMATICAUY BY £J^~3ff^ 

LINE RAW 264.T, Radoff. S., Vlassara, H., «d Cerami^ 55 into. 1 «2J2JjE^5 ™° 
DIABBTES, (1990), Vol. 39, pp. 1510-1518; TWO ^ to *^^„ 1 !S^veW to Ihe Identification 
NOVEL RAT LIVER MEMBRANE PROTEINS THAT thesis and ^^^.P^^^^w^f^nyl^lH- 
BIND ADVANCED GLYCOSYLATION ENDPROD- s"y£^^^Py^^ 
UCTS: RELATIONSHIP TO MACROPHAGE RECBP- < ^J^J^^^UlJotmyl-iA- 

TOR FOR GLUCOSB-MODIFIHD PROTEINS; Yang Z., 60 jg^^^T?^ • iSuimceiit'ii^ 
Maldto, Horii Y., Brunette, S., Cerami, A., SehajpaL P., S^SSvn«Sd Ltosidine. However, the 
Sutbanthiran. M. and Vlassara, IL. J. EXP. MED.. VoL 174, AGE; c^ox^yUystoc. ^P°£\ . 
pp. 515-524; "HUMAN AND RAT MBSANGIAL CELL in vito fonnadoi of AG& m 
RECEPTORS FOR GLUCOSE-MODIFIED PROTEINS: chemical compounds, and newly aiscovereo /vu 
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sis procedures. This has left ^^J^^ jj— 35» SS53f-S conlEs! SkSS 

vivo AGEs. however no instances of success are too wn or appUcatioas&at follow. Urinary AG&peptide 

^e teen ^atoya^ «L. «MIJJ t^lnEive of the turnover of tissue AGEs and are 
BIOPHYS. RES. COMM., 162.2, P^^' A-efore also useful in the evaluation of diabetes and 

icd ^cin^d AG& ^p^c^ra^^ ^ J^^ta ^pa^^.uae control of blood 

against AGB-KLH denved from in vitro ^ycosyia^o. both short term and long term, e.g., up to 

T^cse antiscra «^J£^ "gK? aSe-ISJ abS o^ryTserum AGfrpeptides are predictive of 

dilution curves of in vttro-f«r^ AG&BSA,^E-H5,A £ particularly may be measured to deter- 

and AGE-RNAsc A woe °^J° ^^.^ mke glomerular fiction rate (GFR). Accordingly, diabetic 

suggesting (bat a structure ™^^^^ y ,5 creations involving the kidney can be monitored and 

lar AGE-protcins is recognized by the anuscraJurUier stuay *^ AGB ^ idcs ^ be used to evaluate the effect of 

to determine whether the structure ~ J™ ^Te«SdVoTthe kidney and the level of AGEs 

advanced Maillard reactions or from ^ "gff SUhS the body. Scrum peptiae-AGEs arc also useful 

compounds, such as Schiff base adducts and Amadorirear- therein me ""g*™^ ™ . fom)il)g ^ect of drugs. 

ra££ent products were ~nductedusing anum^^of ^^^SSX^ effecTof AGE inhibitors, 

reducing agents. Treatment witfc it reducing ^J*™* ^peptides arederived from long-lived proteins. 

^TZlSTSA'^S^ "^STlS TccX^^-ven^elatestothemeas^ 

T^^,^.~7 iS 2 « ^™^AGB^^ 8 e 
(1991) prepared polyclonal and monock>nal antibodies ^ measurement of mammalian and 

against uTv^Tved AGB*ovine f» ^Sd £S SrS^Ts^SnTGEs (AGE-HSA), as . 
Horiuchi et aL antibodies also recognized ^ yiteo^aived ^^L^^ for tte assessment of spoilage, and 
AGE-human serum albumin and AGE^emoglobin, but did ^^ 0 ^^^ txas ^ iluaA preparations, that arc 
not recognize unnKxM.d counterparts ^f^J*!^ SSf«te«fte^cag Cn 4 to tMslan mentioned 
AGE proteins with a reducing agent had no effect on j^^J^ includes the use of the present 

inunun^ctivity. like the antibodies ofNakayama et£. ^^*^^ mod for monitoring the purity of 
the antibodies prepared by Horiuchi etaL were not deter- AGE "gfi^^ Md a related method for the 
mined to react with in vivo-formed AGEs. 35 -^^00 rf the preparations that remove glycosylated 

Accordingly, despite the facility v^ which antibodies tocrcfronL Sucri arocthodwouldlimitme unwanted 

have been prepared in the art , the 1 «J "J "deration of glycosylated proteins that arc known to be 
bodies with in vivo-formed AGEs has not been previously ^^u. active to , manner deleterious to the host 
achieved. The preparation of such «^^^^™*f % j^. Lfoot of assessing the presence or activity of 
tt makes possible the development ^ « disSeml^VSTttemarte concise. obtalmng 

diagnostic and therapeutic protocoh addressing *e forma- ^r sennn fem a mammal, <fctermining 

tion of advanced glycosylate endproducts m mammals ^^^^^ Hb-AGE in the sample and 
including humans. comparing mis amount to a standard. 

In this context, parent application Sec No. rrovide an appropriate index of 

abandoned, disdoseTme prepanuion of an anUserumt^ 43 .^^^^^^AcSffie useful in 
contains antibodies reactive with in vivo-formed advanced danced glycosyMon to a 

glycosylationendproducu. Amongthe advanced gly^syk- "^f^^^^^Z^aLis. ^ 
Snendproducu against which an^s were rabod, toe ^^ n d ^^^S c 7r^ as predictive of 
reaction product of hemoglobin and a reducing sugar(Hb- "f^ 0 ^^^ the hemoglobin p chain. HbA^is 
AGE) was included. In addition^ £J *> S y ^hSS ui the advanced gryoosyUtion pathway 
compared this AGE favorably with HbA lc in terms of its use ^^J^ 5 ^. intermediates are believed to exist, 
as a diagnostic agent. Moreover, HbA^is not predictive of pathology. Therefore, 

The present application seeks to present £™* f»» Hb-AGEs levels are believed to be a better measure of 
cumulative on the activity of Hb-AGE, thereby ^has^S dUewTanig effectiveness, etc Hb-AGEs are used in the 
its expanded capabilities. Also, ft role of serum- and * J^^*^ to ^ readily correlate to the progrcs- 
uri^AGE peptides as markers of disease and dysfunction P"^^ ^^crtenacontiolof bloodsugar tevels. 
is further elaborated herein. which b greats thin about 3-4 weeks. The reduction in 

In a first aspect of the present invention, the advanced to f^^Sttaa of advanced glycosylation in human sub- 

glycosylation endproduct involving a complex with °8£» 

hemoglobin, referred to hereinafter as »^ A ^ J ^ invention also extends to the embodiment thereof that 

in further detail and particularly with regard to to capability '"TlTT" disclosure and that of parent 

^a^ostictcoL Accordingly, Hl>AClEeiMbUs abroad ta ^common » « fJJ^ abandoned, concerning 

rangeTactivity, in that Hb-AGE ™"<* affidieTwSh fmcVwmt to vivo-produced advanced 
^tt^^XSZ M^-Inc.ded^.isanan^ 
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nun that contains antibodicstca^e ^ fanned ™^^J°*^££ fffi ScS^f 

advanced glycosylation endproducts and has the following "gg*^ c ^Z le to detect the likelihood or onset of food 

characteristics: , . , • spoi iage, and the present invention is Intended to extend to 

A it react* with an immunological epitope common to in gjg^ 

vivo-formed advanced glycosylation endproducts, ^ invention further encompasses the use of the present 

B it is cross reactive with advanced glycosylation end- for ^ detection of disease in a mammal, which 

'products formed in vitro; and is characterized in that an abnormal level « AGEssuoi as 

CitTnot cross reactive with the following advanced ^ge, serum AGE peptides M <^^ A ^.^f* r 

glycosylation endproducts however formed: FPU t ^ antibodies may be cither polyclonal or 

ATOP pyrraline, csrboxymethyUysine, and pentoa- monodooaU and aw as characterized earlier herein, 

dine Particularly, the common epitope is formed by the kits are also encompassed which are usefrf 1 for 

Station of a reducing sugar with a r^ac«»«s ^ assay/diagnosis described hereto, ^wtoch 

Serial selected from the group consisting : c4 ^As* ^ suitable reagents for detecting ^^Tf ^ 

Sfine, hemoglobin, collagen Type IV, LDL. BSA and ^ ^ IIb . AGEi urfnary- and serurr^GWdes AGE- 

HSA . antibodies or other AGE binding partners in a sample. 

Ttc antibodies of the invention may be polyclonal or ^ dc compositions and methods of use in the 

monodonal, and if the latter, may be prepared by the T£ diagnosis or treatment of d*easeus.ng tee 

Z^^^oA.or^ct^r^^U^mqn^ ^^Talso included, wherein an cffccfcve amoun 

S mustrated herein, the antibodies rnay be raised in an o ^ Mrapositiott is administered to a patient in need of 

immunocompetent mammal by hyperirrmmiizing said ^^^^ 

SaZil wZaGEs or a protein on which AGEs have been Consequcntt y, aprimary object of the I"**™^ » 

SS3? The antibodies produced recognize and buul to in ^ ^ m which contair^abodies which 

vWbnnedAOEs, samples which contain such AGEs. e.g., J*"^ ^ bin4 to * vivo-formed AGEs. and a meftod 

sSSUL or senrnTas well as in v*ro-f end AGEs JJ^ me antiserum chaining axiti-AGE antibodies 

^fonnonprotelns as aresultof incubation ^ ^ ^ heretofore been produced. 

^ e anti-AGE antibodies of the invention arc hhewise object of the invention described herein is to 

cfcEEtSedto that they do ^-^^t^p proSde imrnunochemlcal assay r**cob >^*^ 

have been synthetically produced, eg., FFL, pyraline. AFGP, ^ ^ te^^™^ 

carboxvmeuiyllysine and pentosidine. » advanced glycosylation. AGE^mmunogens have been pre 

^e^UAGE antibodies described herein are further 30 ^ „ wkout the use of ^emical ^on and 

characterized as foUows: , . _ hydrolysis procedures, and antisera have been produced in 

(a) the antibodies can be formed by hyr*rimmunization or ^ uslng mcs e AGEs. 

a mammal with AGE-RNAse; Another object of the present invention is Jo pmnfe 

(b) the antibodies are reactive with the following AGEs: „ ^unoassay protocols wUch «™^ S * 6 "^„^ c 
AfiMlNAre AGE-hemoglobin, AGE-BSA, AGE- antibodies raised in response to an wmunogenic 
^A^lkgcn IV. AGE-LDL and AGE-lysine; chilkage with AGEs, as well as ir^oclonal antibodies aU 

, ^„ti^ « nonieactive with unmodified HSA ofwhich are specific to in vivo AGE epitopes. 

(c) toeanffl>o^«non^cuw^^ ^ a ™fw5dbjactrf the present invention to pwvidea 

l^t X^ ^Sl: FFL AFGP, m ^ for measuring advanced 
p^e.^ryJemyllysiae, ^toddir* rystoe, <**<*f£^ Q «^Z'%£^; 
So^owlaminorructose or dcoxymorphoUnofruc- uidng advantage of me anh- AGE antwoaies wrucn 
ucwwivtv j.!^ and characterized. 

In atother aspect of the invention, the present anti-AGE R is a further object of the present ^cntion^provid^ 
,n^^r£v fcTr^votd from an antiserum raised in a , 5 ^ containing suitable reagents for the rr^uremartof 
SSSKTihSTZ EE. inoculated with a particular AGEs including as the • "SS^SS 

A^oSSe preferred method comprises administer- fom Hb-AGE, serum AOE ; pe^ and 
Z^irmocompctcnt mammal an effective amount of p^des. which are smted to a broad range « auemauv 
an AGE or a compound containing AGEs as above irnrmmolog^ F^ocoU_ to 
described, to induce the formation of the present anU-AGE x B is a still fate' object rf giycemic 

, nd ohtoinine from the mammal a serum which provide a method for the long term rnowtonng « giy^"£ 
^n^^U 1 ^^^^ Ar^ailar AGB-protem Stions including diabetes, W^^^ ri AGfc 
^TpZXi.a&ofltNAscwl such as Hb-AGE, scrum AGE^peptidcs and unnary AGE- 

oenHdes. that is fast and reliable. n 

(a) binding a sample suspected of cortaining AGEs, an RffiF DEsauF nON OF THE DRAWINGS 
AGE carrier, arm-AGE antibodies or another AGE dilution curve for anti-AGB- 
binding partner to a sohd support; 60 ««• * * "V, Antiserum was titered in a non- 

(b) contacti^spedeattachedtomesoUdsupport^ W^-*3t jfigTe fofowing Absorbed 

in anahytc to be tested for the ^"^.^ ~^A^(oTa^Lived AGE-RNAse (•), BSA 

AGEs. anti-AGE antibodies or other AGE binding ^^^^ AGB-BSA (A), and GfiPntaived 

(cHaSng the AGEs, anti-A<Hi antib«Bes or other « AG ^f^^ HJSA-coiiipemtoa curve for antl-AGE- 
^binding parmawith a deteriblc ^labeUjnd JDL J^^S^ormed asc«cribedin 

(d) comparing the amount of bound label to a rtandard. kwaic «ub« 
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w _i i .-a utr.unA, ,nrf rmnloved clucose-derived ensure that measured values fell within the linear range of 

S^a" th^^^^S^iTSresent the the ELBA standard curve. AGE u aits « criahfed reUtwe 

S^SSl ^ACMu^^^thcs^^d analyzed for 

1 . oiKnmSfifi ACT content as described. 

(A) : Reaction with a variety of modified ^Hinuns. if gr^hicaUy shows a correlation between levels of 
Gluoose^oived AG&BSA (#X ^^ V * A fi G £ ^mS^'for nine normoglycemic (o) and 23 
BSA (JJ, Fmct«e^ed AGE,BSA (Y), FFI-BSA individuals. HbA le was measured by HPLC 
(A). Fonriyiatcd-BSA (V), Maleyl-BSA<0 ), and BSA ou ^ 1 \ / agraphof Hb-AGE formation in vitro. Human 
(o). hemoglobin (50 mg/ml) (Sigma Chernical Co.) was incu- 

(B) : Reaction with AGB-modirlcd and unmodified pro- w bMcd a 370 c. in 0 .4M NaP0 4 buffer (pH 7.4) containing 
teins. G6T-derived AGE.HSA (•), Gluoose-denved Q ^ (q) 5 ^ gi ucosc (#), 20 mM glucose (A), 
AGE-LDL (A), Glucose-derived AGB-coUagen IV or 20 mM glucose and 50 mM arninoguanidine ( ♦ ). Aliquots 
(♦), Glucose-derived AGE-RNAse (■), HSA (o), LDL ^^ta^g hemoglobin and 20 mM glucose were reduced 
(A), acetyl-LDL (V). collagen IV (0), RNAse (□). with a 200-fold molar excess of sodium borohydride prior to 
LDL nmoles were calculated on the basis of the ^ EUSA Armnoguanidine (50 mM) also inhibited 
molecular weight of apoprotein B. (>959&) Hb-AGE fecmation in the 5 mM glucose condition 

C* Reaction with model AGEs. Glucosc-<lerived AGE- (data not shown). Arninoguanidine (50 mM) did not inhibit 

lysme(#),G6P-deirvedAGWysine(*),Fn-HA(o), ^ det ection of Hb-AGE when added to glucose/ 

pyrraline (A), AFGP (T), carboxymethyllysine (■)> hemoglobin incubations i hour prior to EUSA analysis 
pentosidine (□), deoxypropylarninofructosc (A), and ^ (data DOt shown). All incubations were performed after 

d^ymorphoUnofructose (V). AOT4ysine products sterilc fiitratioiL One ml samples were removed at the 

were added as nmoles of lysine equivalents; indicated time points and dialyzed against phosphate- 

FIG 3 is the kinetk relationship between the formation of buffered saline prior to EUSA analysis. 
AGE-associated fluorescence and antibody reactive mate- nG u is a deterrninarion of Hb-AGE and HbA lc levels 
rial BSA (50 mfi/ml) was incubated with glucose (0.5M) as ^ ^ A „ vMJ / 

S^lXriaL and Methods. Aliquots were sampled to « diabetic patients before (■) and 

at Indicate times, dialyzed to remove unbound material, and arninoguanidine therapy. Hb-AGE: 13.810.8 U AGEfing 

SsWfor fluorescence (X«^=370 nm. X^^=440 H b->10.0±0.9 U AGE/mg ; Hb; HbA lc : 

S and AGE content by BLEaT 10.1*d0.8*->9.2**>.8% (Meani5.IL). 

FIG. 4 is the inhibition of the f°™*°n 30 DETAILED DESCRIPTION OF THE 

reactive AGEs by aminoguan^. ^ (100 xagMil) tacu- INVENTION 
bated with glucose (100 mM) for 21 days at 37° (o). BSA . lIt ^ 

aOO nwtol) incubated with giucosc (100 mM) in the Numerous abbreviations are used herein to simplify the 
rcesenceof 100 mM aminognamdine for 21 days at 37° (•). terminology used, and to facilitate a better understanding of 
Buffer conditions were as described in Materials and Meth- 3J me invention. The following abbreviations are representa- 
ods* five. 

FIG. S is the detennination of AGB-collagcn in expert- M u therein, the terms "AGE" and "AGEs" are used as 
mental rats. Diabetes was induced in Lewis rats with either appropriate to refer to advanced grycosylation endproducts 
alloxan or strephBotodn as described in Materials and ^ are m the form of intermediates and stable corn- 
Methods. At 16 week intervals, 6 animals were sacrificed w ^tW, arc produced in vivo and in vitro by the 
and the aortic collagen analyzed for hydroxyprollne, reaction of reducing sugars with protein amino groups, 
fluorescence, and AGE- content by EUSA. Values are AGEs therefore encompass intermediates as well as stable 
expressed per mg of nydroxyproline. endproducts that are implicatco' in the structural and func- 
fAV Relative fluorescence measured at Jwaafc- 1 * 370 a™ tional alteration of proteins seen during aging. For example, 
and ^^=440 nm). « AGEs are recognized to react with tree polypeptide amino 
mv CoUaeen-bound AGEs measured by ELBA. Control groups, which leads to protein crosslinUng. AcldMonalry, 
^tT^^^^^ 3 ^ "* such AGEs are observed in elevated }^^«{^f on ^ 
raS wuh strcptozotock-induced diabetes (T). Each in tissues in certain diseases, e.g. diabetes meUitus. 
value shown is the mean of six experimental animals; When the designations "AGE-RNAse . AGB-Hb , 
FIG 6bmedeteniniiaaonofriumanreiumAGBlevels. JO "AGE-BSA", "AGB-HSA , "AGE-albumin , AGE- 
NLt Normal individuals (n=12). DM: Diabetic individuals collagen" and "AGB-LDL" are used, each rrfersto the 
0*31). DM4HD: Diabetic individuals on hemodialysis advanced glycosylation endproducts which « upon 
fn=16) Error bars show the S JIM. P<a00 I for DM vs. NL. chemical reaction of the substrates RNAse, Ho, BSA, HSA, 
K 001 for DM+HD vs. DM.; albumin, collagen and LDL, respectively with one or more 
1HG 7 isa graph comparing Hb-AGE and HbA^ levels 55 reducing sugars. Thus, AG&RNAse refers to the advanced 
toredWoodcdUofooniri^ glycosylation endproducts of the reaction between bovine 
depicting the correlation between the two (rtormalpatients= ribonuclease and a reducing sugar. 
■) (diabetic paiients=CJ); Albumin, when recited generically, refers to any specie 

FIG. 8 comprises two bar graphs that show and compare ftom wUdl j t ^ obtained, e*. human, bovine, etc 
the mean of Hb-AGE (A) and HbA lc . (B) levels in normal 60 bsa refers to bovine serum albumin, 
and diabetic patients: _ A , HSA refers to human serum albumin. 

SEssiTiS'nTSSarssr:- ^i^^^^^^ 
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9 Hh. A r,F has been determined to account for about 0.42% 

S>L ^ also used in the conventional sense to refer to low jgjgS. „ sl^ce.^^^^ 

a^mulatel over a period 

pSdchyde-BSA. malcyl-BSA and ac^l-LDL all refer w M^y. Ucatiott8 progress over Vf^J^V. 
Sifii steins produced as described M ^ ^ a particularly 

The nresent invention relates to the measurement of m ^ ntinveia i on uth*useofHb-AGEK^ 
J? n Kvo-^neTted AGE* and particularly Hb-AGH, of blood glucose in diabetes patients. 

^ AG^tSnd urinary AGE peptides, and to the ^ * ~°™ urlt tbe normal Hb-AGElevels and the 

VnTZ conseauent ability to monitor glycemlc conditions ^ 

ssi'flsvsiS; "issis xssysr- s si. — 

abandoned, and comprises a quick and effective du«nosuc M then be evaluated. 

STas shownTnG. 9. Hb-AGB reprcsenj a rtabfc both tests with a single blood sample^ 

lad reliable glucose-derived rearranged Anudori product "^^T^ tf wfaich blood glucose levels become 

"ot^chacliagnostic protocol^ caX estimated, e.g., a 60 day range pn*£- 

out. Accordingly, the invention extends to a metftoo ™f°™^r.7^ „,„, -tends to me periods before, during 

^ w^SSing of in vivo glycemic condtaons 35 able by r£AGE frame Si is predicted by 

and me conc^itant assessment of the efficacy of any Rafter te3£™*^ rf ^GE and serum 

SSttM^-iiSy^i 1 ^r^of^i-venUc.addressesadvance.gry- 
Sow wS.uS Stimulation is a characterise. Thu* An<*ber ^JJ™ ^ in the urine, 

S a«3S and diabetic conditions where increased "^^^^creted In the urine in low 

X tfAG&have been observed, such as, for example. 4S ^^*SffiaU. and in perhaps elevated levels 
.^dawU cataracts and diabetic nephropathy, may be eveh ^^^Jzl^aKSCiJZidh: level of urinary 

SSssaswsMisss ESS&KS 

methods disclosed herein. or^nditions. For example, the °/ f^*** 

Ttetise. the methods including Hb- AGE or tort* 50 ^^^ cusuaU y nmg^mar^23 to^ 
AG&peptides as markers or detcnrunanU may be used « a f«J^ comprised of ndaoprotans. with P»P«*« 
d^g Every assay, for Merita*. £ drugs ^orofcer ^« qriHaferent from the predominant blood 
realities that may interact with these AGEs. In Ac Instance ^^^^ ^ globulin, 
cf mvAGE, it may be possible to discover agents that may ^T^^ fpro ^ 

The investigation of AGE formation in vivo hw been Activities and promote in^ &c cata- 

The realization that Amadori products such as HbA^ are """"^jL RCti viry results in a corresponding ekvation 

Iffl^mcra M to a consideration that hemoglobin 65 f^j" ^^^ds? and caresponding levels of Ussuc- 

SKc^re AGE ntodmca^ous thM cculd be n*a- of X^GE-peptides provides 

with recently developed ELBA techniques. aubs. 
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as cached* and ^^,^S^SdSS£ ScflX connection, the and- ACT antibodies may be 

presence or level of AG&peptodes in i urine, "fj*™**: ^7,^ mfcta da* have been specially cultivated or 

SdT level to a standard. In normal , Seffiu^^erapeatic agents. Stated earlier, the 

level may be at or ^^^^£^^1^ 5 S^Sse of suc^ias increasing in pron^ncc 

patients experiencing infection or other ^n^enormai ^ such proteins like other host cells, are 
level of AGB-peptides may be "0^1. s^«3Sycation and mefcrmation of AGEs. As such 

the advancement or worsening of d^ 5 .??* XSare partiadarly clinically active, it is desirable to limit 

of renal complications, or the Jek SfrSuctlon into a host during therapy. As a 

detected by detecting increase* in urine levels of aub- 10 »eu ^ &c Fresent ^y^^ includes a method for 

peptide. i„rfivMii«ls who purification of batches of such proteins by bringing mem 

Likewise, one may be able to detect Stocontact with, for example, a quantity of anti-AGB 

glycosylate proteins t^^S?^^^^™ ^tibc^estamobWd onTTuitable substrate. In this way 

£Ld de^nine the ^?™^^"£lT^ "^ySproteins could be separated from the restc-f 

a result of a specific d-^^SjV^^^ L me « m c batch by conventional procedures. The substrate could 

^VZ?«™TTZ£^££ bt rS2b2 2 replaced pSiodicaEy in the instance of a 

proteins of the body, or tne rate ai woiui 7 . / . „___... so that a continuous circulation of 

ACE levels increase after cessation of the adn^lrahon of ^^^^^^triuZi subsequent separation 

an AGE inhibiting conipound, e-g., an *jj| 0 JJ"|'|| ^'^^SJSrt couldbe coveted, 

clinical picture wul therefore be«^ an«rent M ° f a ^^ e foregoing scheme is presented fa purposes of 

Tbe present ^^^^'^S £X S3S&^£Sd? capable ofvarious modifications in 

^^t^t^A^^S^^ EgnandexeLuon within the sMUoftbea^andUKSC^ 

nMts and peptides (shorter c^aMn°*Ws, e^mto M J^^, m animals, by assaying the 
about 50 amino adds in length) f £^^«J£^ Se^amSmt, location and effect of such advanced 
system. These can be evaluated for the f^^f^** Svc^^SrSs utilizing the anti-AGB antibod- 
AGEs, the extent of advanced gly^on detorni^and #^2»Sg^2 ^ of prod- 
compared to a standard, eg., normal P?** ^» 0 ° !^ .u^ed^f^tttohigAGEs, plant matter and animal 
IcXfot example, if one detect. ^f**^* 30 ^S^^SiSS^ food spoilage and 
AGfrpcpUdes in the blood, one may to ^SSmTL protelnaoeous materials so affected, 
extent of kidney damage sustained by fee patient ^S^J, of animus, including body fluids such as 
Amadcd proda*. arc dowly^c^e^o^ b^eved «dne. tissue samples, and biomolecules 
to attain equilibrium over a 3-4 week period. AtSHS, ui ^T^, fnNA. mat are capable of undergoing advanced 
contrast remain irreversibly attached to proband con- , 5 s«* ** ^Section of ^.ology or other 
tinue to accumulate over the hfespan of the proton. The giycosy 

utility of Hb-AGE measurements as al^gt^in^vo sy ^J^™ be employed to assess the extent 

marker of advanced glycosylate can thereby be appreci- ^^£ 0^0^^^ been cultivated, har- 

tification of an antiserum and corresponding antibodies mat ^Jr™~T~"" dvcosylated. This assay could be used 
require and Und to in ^^^^^ ^^V^^^l^c^ioc^^ 
tion endproducts. As demonstrated in Ac ouunples ^pre- ^termination that the protein material has developed a 
sented la£r on herein, P°ly d ™ ri AG&r2 ^£? £T A Z££^2<Z\d levdcTglycosyUtion would signal 
rum has been prepared and used in « ^Sf^Sng^paD&c^npnc^swhasi^ 

systems to study me sr^cificity of this an^enmiforinvi^- ^j^^™^^ or continuous basis, 
and in vivcxlerived products. The ^^^f^ ice- ^ ^ on comprise the perfor- 

ognized and bound to in vivo AGEs in diabetic tissue and The ^fS^tMiM. involving the anti-AGB 
semmknown to contain abnormally elevated levels of '^^^"^^^eC labeled or not, the 
AGEs, leading to the conclusion M t a common , e^ope x ^« ^f^^J^e binding partners to the 
exists among them. By contrast, each of&emo^vnttetw ^^^"^g partners thereto as applicable. 
AGEs which were synthesized and tested failed t° reactwito '^SX^tSSSSS' fa ^ ia the general sense 

sugars include, for example. RNAsc, hemoglobin, collagen, partoers- also includes ligands useful 

USA, and HSA, each of which can be incubated witit e.g ; . The term ™^ P**£ JSdSa^es that bind 
glucose, glucose-o^hosphate (W*). fructose « ribose to j,* ^^T"^ ^T^e be detected 

Produce a suitable AGE immunogen for inducing the for- « ^.^ i b J^^^ co So^im a second 
mation of anti-AGE antibodies. ^tS^Juchi'aWdm^Z Suitable symhe- 

Such anti-AGB antibodies can also be used in thetteat- detecting ^attoo ^ich "J^m^ ™ the reaction prod- 
m<S of patients to reduce the level of drcula^ AGEs cr ^ £°^ V n f V " ^ sXas ^ucose, gluco^e-6- 
AGEswficTmay Ik present to abnc^de^levds "JjJ^^ft^jSbo* aSpeptideT. proteins 
in certain tissues, eg., pancreas, liver, kidney or teain _ 65 f '^J^g^ Mch „ BSA, avidln, biotin 
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. ..Mother ronton mav also comprise a synthetically derived advanced glyco- 

Useful with this mvention^en^raes^d ^f^g ^uTena$Tct which is prefab for example, bythe 
that have undergone advanced B 1 W^.^ £*[ ^ „ another macromolecule with a 

hX me reK Product of the -duciBg suga. d^ctly 5 ^^f^^-ted from the group consisting of 

with carriers capable ^^^fT^tZT^A car^hyO^s^otelns, synthetic pdtypeptides, nucleic 

Suitable carriers may be comprised of a ^al ^cctol biocompatible natural and synthetic resins, 

from carbohydrates, proteins, synthetic rxiyr^phde^ hpMs. ^1 ^tureVthereof. 

biocompatible natural and synthetic resin., and mixtures ^ M ^™ A ^ t ^ xx j ics Scribed herein can be used 

thereof. ™u^j„ both to diagnose the degradative effects of advanced glyco- 

The assays of the invention may follow formats wherein svlation ^^roteins in plants, edible animal matter, and the 

either the Ugand or the binding partner, ■» ~ * " ^ ^ » detect the adverse effects of the buildup of 

substrate. Likewise, the assays include Ae use of labels grycosylation endproducts. Such conditions as 

which may be selected from radioactive elements, enzymes ^ aoro < £ b f etes '. retato d hardening of the arteries, skin 

and chemicals that fluoresce. wrinkling, arterial blockage, and diabetic, retinal and renal 

The present methods have particular therapeutic rd- . e m animals ^ result from the excessive buUdup or 

evance in mat means for the detection and evaluation of the ^ ooam ^ adV anced glycosylation endproducts 

condition of a broad spectrum of organ systems are pro- & quantity. Therefore, the diagnostic methods of 

vided. The Maillard process acutely affects several of the tf seeks to avert pathologies caused at 

sienificantprotein masses in the body, among mem collagen, lea£tin part by the accumulation of advanced glycosylation 

dastin. lens proteins, and the kidney glomerular basement cndproducts fa, mc body by monitoring the amount and 

membranes. These proteins deteriorate both with age (hence location 0 f such AGEs. 

the application of the term "protein aging") and as a result y ^ ^ k^tton, one can assess and/or detect 
of prolonged exposure to elevated blood sugar levels and ^ ^aux of stimthe presence of stimulated, spontaneous, 
AGE formation, the latter in tarn frequently due to pathol- ^ i ^ oplMc pathological states in mammals, by measuring 
ogy. . the corresponding presence of advanced glycosylation end- 
In this manner, the location and relative concentrations of ^icts. More particularly, the presence or amount of the 
advanced grycosylation endproducts in the body can be £ GEs my ^ followed directly by assay techniques such as 
identified. Moreover, by assaying different organ specimens, x ^i^^ herein, through me use of an appropriately 
an AGE "patient profile" can be obtained, Le., the location ubdei qu&ntit y of the present anti-AGE antibodies or at 
and relative concentration of AGEs in the patient can be ^ 0QC rf ^ bindmg partners, as set forth herein, 
identified. This technique is particularly useful in identifying yuternately, AGEs defining epitopes reactive with the 
abnormal concentrations of advanced glycosylation ^ anti-AGB antibodies, could be syrtheslzed and used 
endproducts. such as in atheromatous plaques. In such ^ £ ^ hiadhlg partners (or antagonists to such binding 
manner, the location of future systemic malfunctions can be p^t^ers) mat could in turn, be labeled and introduced Uito 
identified. . ;ir*dium to test for the presence and * 

Accordingly, the present assay method broadly comprises ^ to thereby assess the state of the host from 

the steps of. which the medium was drawn. „„♦„_, 
ATprcparing at least one sample suspected of containing „ ^ both AGE receptors and any binding partaers 

saMadvanced grycosylation endproducts; thereto that may be prepared, are capable of use ^ c«mec- 

B raJSTat least one anti-AGE antibody directed to tion with various diagnostic techniques, "eluding 

*!B£SZ+£* anti-AGB antibody Is reac- immunoassays, such as l^^^^^JZ 

tive wffli in vivo-produced advanced glycosylation CM mple, a receptor "^^^^JS. 
endproducts and haTmVfoUowing characteristics: 45 either be unlabeled or if labeled, ften by eUhen ^ag* 

riTre^tswift an tonutnological epitope common to addition, reduction with sodium borohydnde, or radioiodi- 

said in vivo-formed advanced glycosylation end- nation. o^i^rim, are all 

~^, lrts . The general assay procedures and their application areau 

ilTu aoss reactive with advanced glycosylation familiar to those skilled in the art and 

endproducts formed in vitro; and 50 as illustrative and not f ^f^Son. 

lil tt U not cross reactive with the following advanced be utilized within the scope of tt f^^.'^^' .„„ 

glySa^endpnxlucts however formed: PH. The advanced &<^™'^*^™'£££ 

C placing a detectible label on a n^terM selected from 55 fa*** ■ TS^S^c^etSon mS, 

tL croup consisting of said sample, a Ugand to said thereof, can be determined by W^ 5 ^™ „ mrfe . ' 

anfrAGB antibody and add anTXCE antibody; e.g., IgG recognition and reaction with the complexes 

D. placing the labeled material from Step C in contact formed. . v, 8doc ted from the 

with a material selected from the group consisting of Suitable radioactive clement may ■ *g!gJ& H ^ 

toe material from Step C that is not labeled; and 60 * ^ ^ ^ met whcre . 

B. evaluating the resulting sample of Step D for the extent uieL such as prepared with one of the above 

of binding of said labeled material. iLStaown onKwallable counting proce- 

Suitable analytes which can be evaluated may be selected isotopes Is ""^m™ 1 amaj 
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. uscd to mcasun: the pretence of advanced 

fluorospeclrc-photoinettic ft<^n^c^ampCTom«ic or Mdp roducts on recombinant or other purified 
gasome^tcohniques known in toe art ^^T 6 g3* andpaSriy those destined for therapeutic U5e, 

Sgate^totheaovanoedglyco^onen^^^ Ksaythemtaa first instance, and in. second instance, to 

binding partners or carrier molecules by ^ IsS their further purification. 

Z moCs such as carbodumMes. ^^f^J" 5 ^ZS^ito^c testing techniques discussed 

aldehyde and the like. Also, and in a P^^^^ Jj/^TSL 0 f such kits will contain at least labeled 

mcnt of the present invention, the enzymes *«iseWes m»y partner as stated above, and directions, 

bTmodified into advanced glycosylate endproducts by AGB^or us J^j^^ ffic mcthod selected, e.g., 

reaction with sugars as set forth herein. -mmnctitive". "sandwich", "DASP" and the like. The kits 

Manyenzymelvrfncncanbeusedintbc^^ 10 <^™^ Dt Z reageats such as buffers, 

fluorescein, Aodanrine and auramine. A particularly pre- comprise: . AfJR 

S^*^gWoial includes one or more fluorescent 25 (l) a known amount of a binding partner to ananU-ACT 

E oTSSt^odies prepared in goat, and con- Mtibo<ry as described above or ^^'^ 

!^J^ fluorescein through an isothiocyaaate. crally boU nd to a soUd phase to form an 

*S?2£ ^EnSTSSSw » ^ tanosorbeot, or in the alternative, bound to a suU- 

i rS^ the analyte. Ttie resuMng able tag, or plural such end products, etc (or their 

Estate is then washed after which detection proceeds by » bitt ding partners) one of each; 

fee measurement of the amount of analyte bound to the } tf nccessary , other reagents; and 

.ntihndv A second format employs a bound bgand to which directions for use of said test lat 

%?$£^ T«*& «c added. Both of tee £V£rtte variation, the preferred test kit n*y «>mpnse: 

fL^tslrebased on a competitive reaction with the analyte, » component which has been obtained by 

S a^format cerises a direct binding reac^n 35 < a) ^g mc bu Zg partner of the anti-AGE antibody 

between the bound analyte and the antibody. Iji the to**™ ^detectable label; 

formats, the extent of binding of toe antibody is measured by oncormorc additional immunochemical reagents of 

a direct label or a labeled binding partner. ^ wMchatleast(«crcagcntisaUgajidoranimmolxlizc<l 

All of the protocols oisdosedheranmaybe appliedtotte ^rf, Ugand is selected from the group con- 

oualitative and quantitative destination of advanced gly- «° f . 

cosylation endproducts and to the c*K»miiant <^^ s ^ mTligand capable of binding with the labeled com- 

«trv«-{llance of pathologies in which the accretion or -vJ^T/.y 

XS^ycosSon ^dproducu is tapUc^L &eh *?££l»P*l* of binding with a binding partner 

conditions lis diabetes and the conditioi^ as^«)dated wito l of ^abcledwmponent (a); 

^ng, such as atherosclerosis and skin wrinkling represent 45 ° ca ^ b i c ^ bm ding with at least one of the 

noTltaiting examples, and accordingly «^^.^ *f£ conXenU^to be determined; and 

nosing and monitoring these conditions are included within av H^ddipable of binding with at least one of the 

the scope of the present invention. binding partners of at least one of the components) 

Tnei^tfcvenuonalsotocmto rbTdSnedjand 

the qualitative and/or quantitative ^"j^^J* (c) directions for the performance of a protocol for the 

the presence of advanced glycosylahon cn *™^^* ^ deSn and/or Atominatioa of one or more compo- 

assay systems and test Utsmay comprise a ""V* nentTof an imnuirwchcmical reaction between the 

^prepared, e.g., by one ^ a^CE^ntibody and a specific binding partner 

matte techniques discussed herein, coupling a label to an ana 

aT-AGE antibody or a binding partner as listed 55 -^f^t Nation extends to the production of the 

one or more additional immunochemical reagents, one ot ' ^^tibodies in a mammal, and an antiserum con- 

*i be a free or imrnobillrcd ^ff*^ SfJ'SS NTSnple and as Olostrnted 

of Waling with the labeled component, its binding partner. taring «*»an with the incubation 

° neo ftoe components to be determined or their tending toon, ^ my protein which contains 

Sm£ SnTof the components of*e kits descrToed • P^^^^^Mch fc^bject to Amadori 

herdTis typically an anti-AGE antibody in labeled or ^^f^^AGEs. 

Don-labeled form. Asused herein, the terms "immunized- and "hypenm- 

m a further onbodiment of this invention, comnwdal juwbb irnmnnlzation protocol also 

tesTwHdtable for use in one instance by food ^^^'S^^hieb bused to el^Ae 

technologists, and in other instances by medical *pedaUsts « J^?^^ ^ ^ fcc antiserum and anybodies 
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tSZESX i an -mount effective far inducing the fused mouse spleen lynmhoqrtes and myeloma cdls. 

formation of anti-AGE antibodies. Booster immunization 5 Immortal, antibody-producing cell lines can also be created 

doses may also be administered as appropriate. by techniques other than fusion, such as direct transforma- 

The immunization of the host mammal with the protein rion of B lymphocytes with oncogenic DNA, or rxansfection 

itself or with AGEs derived from the AGB-protdn, e.g., ^ Epstein-Barr virus. 

AGB-RNAse, produces antibodies which are reactive to Specific polyclonal antibodies can be raised in different 

AGEs derived from the immunogen itself or AGEs which 1Q prrf ened host species. Naturally, these antibodies arc merely 

arc derived from other proteins. For example, the adminis- illustrative of antibody preparations that may be made in 

tratJon of AGB-RNAse produces polyclonal anJj-AGE anti- accordancc with the present invention, 

bodies which react with AGE-RNAse, AGE-hemoglotaD, Specific protocols are Illustrated below as necessary. The 

AGE-BSA. AGE-HSA, AGE-LDL and AG&colIagen IV, disclosed herein may be applied to the qualitative 

but not with unmodified RNAse, BSA or HSA. and Quantitative determination of AGEs and to the concomi- 

The antibodies raised as described above were jfco 1 gen- * ^ ^ pathologies in which the 

eraUy unreactive ^f^^f^tSSS^ acxietion of AGEs is implicated. Conditions such as diabetes 

^^nS fS^Mi^SiiSSc below are available conornerciatty c* prepared in accordance 

can be exploited in numerous processes for detecting AGEs hereby incorporated by reference. 

on in vivo-dcrived as well as in virro-derived material. For MATERIALS AND METHODS 

example, the binding affinity of anti-AGE antibodies can be 

used in non-competitive and competitive ELISA assays, as Reagents 

well as in other protocols which utilize different immunoas- 30 ^ ^ fc ^ ^ Wow wac 

W R^nudea^ modified by long-term incubation with glu- obtained or prepared as follows: 

cose was found to be a suitable immunogen for the produc- Bovine pancreatic ribonuctease ntNAse ,). bonne senun 

tion of high-litre, anti-AGE antibodies against a variety of albumin ("BSA"), human scrum albumin C^SA ) coUagen 

AGE-modified proteins. Advanced grycosylation endprod- 35 Type 4, collagenase. glucose, glucose-6-phosphate ("W ). 

acts prepared with glucose showed the greatest inhibition, fructose, ribose, and sodium borohydnde were obtained 

fottowedby AGEs prepared with G6P and fructose. Both from Sigma Chemical Corp. (St Louis, Mo-)- AGE- 

G5P and fructose react with proteins at a faster rate than hemoglobin was prepared by isolating red blood ecus, 

glucose to produce brown, fluorescent AGEs. hemolyzing them with toluer^and treating a "-V*"* *» 

Different riycosylating sugars such as glucose, G6P, and 40 red cell hemolysate with trichloroacetic add (TCA). 

fru^protoe JuJSfy cross-reactive epitopes when Specifically. . 50-100 |d sample of M C ben^lys^ was 

Scuba^^n protein in vitro. In contrast, the purification prepared and 3 ml of water and I ml of 24* fr**«l) ™ 

of ©articular products from in vitro incubation mixtures of were added. The mixture was agitated, and mercaftcr ccn- 

rxjlypeptides or amines with glucose (EFL AFGP, pyrraline) trifuged for 30 minutes at 3000 rpm. Tte resulung supo- 

orfiSnSe glycosylated irf vivo (pentosidine) resulted in 45 natant was aspirated, 150 ul NaOH was then added, after 

compounds with no demonstrable cross-reactivity with anti- which water was added to atetal vdume ofO.5 ad. Thfc 

fAGfrRNAsc) antiserum. This suggests that the model material was then diluted from 1:2 to 1200 with OJM 

AGEs which have been described thus fax are either anti- KHjPO, P H 7.4, and was prepared for performance of the 

genically minor products, or that the purification procedures assay. 

which are typically used for isolating AGEs from a sample so AGE-albumin was prepared by incubating albumin (50 

resulted in structural alterations, such that reactivity with mg/ni) with 0^M glucose, G6P or fructose in 0.2M NaP0 4 

anti-AGE antibodies is essentially rlimln i trd . buffer (pH 7.4) for 60 days. 

In vitro time course studies revealed that the characteristic AGB-collagen was synthesized by incubating collagen (5 

fluorescence of advanced glycosylation precedes the devel- wim OJM glucose in 0.2M NaP0 4 buffer (pH 7.4) 
opment of me anti-AGE reactive moieties. Thus, the anti- 55 for 21days. 

AGE antiserum appears to be most reactive with late" AGB-RNAse was prepared by incubating RNAse (25 

advanced glycosylation endproduct(s) which form after ^ ^ m 0 .2M NaP0 4 buffer (pH 7.4) for 

fluorophore formation. ^ 

The ligands useful in the present invention are preferably n-™™™! by coupling EFI-hexanoic acid to 
in vivc-generated AGEs that bind to AGE binding partners. 60 ™™ A V^^ ^ ^ 8 

Ttae^nd. may be ejected alone or m c«r^on widi ^i^^ ... a<x(yl .LDL w« 

a second detecting partner such as avidw and/or Wotin* Formtldc&yac-^A, mm ^™ > nf _. l _^^_ fbed ln 

LSugands whence signal amplifiers arc used can be qndnte* * TfSS^SS 

.elected from the reaction products of reducing sugars such Horiuchl S. ^.^-^^^^^^ctI W 273-M0 
aTg^eose. G6P. fructose, ribose and fee like with peptides, 65 Tafcto, K. et aL fl/OCH/M. ^J^J^^^ 

^sandomerbiochemlcalssuchasBSA, avidin.biotin, *• 

and enzymes such as alkaline phosphatase. SCI, USA, 77333-337 (1979). 
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AGB-LDL was prepared according to a protocol in which To induce the formation of anti-AGE anUT)odi« synthc- 

^ AGEs were produced to vitro as de^^e 

spontaneous oxifuiwn » without resort to hydrolytic or chemical reduction reactions. 

Kirstein, M. et al, PXOC NATL ACAD. SCI. C/M, ^ ^ ^ ^ ^ a n^ing sug ar to 

87:9010-9014(1990). 5 ^^0^ 

AGB-BSA was reduced wid. f^^^J^ Glucose was preferably used as the glycosylating agent in 

described in Fluctager, R. et i^ZX vitro because it is the major circulating sugar and it produces 

106:77-87 (1984). Any unreactedborohydndewas removed ^ ^ dosdy rcscmblc the AGBs which are 

by dialysis against PBS. formed in vivo. RNAse was selected as the target protein for 

For aminoguanidine inhibiriott, BSA (100 mg/ml) was 10 ^y^ccA glycosylation because RNAse readily forms AGEs 
incubated with 100 mM glucose and 100 mM aminoguani- and A GE-mediat©d intennolecular crosslinks, 
dine hydrochloride (Aldrich Chemical Co., Two female New Zealand White rabbits received four 

Wis.) in 0.2M NaP0 4 buffer (pH 7.4) for 21 days at J / u. pdmary indurations and one booster immunizauon of 
Samples were dialyzed against PBS prior to analysis. RNAse or AGE-RNAse emulsified in Freund's complete 

Lysine-derived AGEs were prepared by incubating 1M 15 a( jj uva nt following a protocol for post-translationally modi- 
glucosc-6-phosphate or 1M glucose with 50 mM L-lysinc in fiwJ proteins in accordance with R. Bucala, et al., MoL 
0.2M sodium phosphate buffer (pH 7.4) 10 days at 37° C. j mmuno i tf 20:1289-1292 (1983) ( M hypcrirnmunization 

1-deoxy-l-morpholino-D-fructose was obtained from protocol") and as follows. Accordingly, each rabbit received 
Sigma Chemicals, Inc. and l«deoxy- 1-propy lamino-D- four intradermal injections over the back (200 pg each) and 
fructose was prepared from an a-D-giucose and 20 onc ^j^on in each hind quarter (100 ug each). This 
^propylamine according to Mitchcl, F. et aL, CHEM. ££R«, rxecedure was repeated at weekly intervals for six weeks. x 
9212836-2840 (1959). 2<2-furoyl>^5M2-furanyl)-lH- After a two week rest, the rabbits received a booster injee- 
imidazole) was synthesized from an aqueous mixture of tion of 1 mg of antigen in Frcund's incomplete adjuvant- The 
furylglyoxal and 6-aminohexanoic add and purified by animals were bled on the tenth day after this injection, 
inedium pressure chromatography on silica geL 25 Antibody response was monitored weekly by Ouchteriony 

l.alkyl-^fomyl-3,4-diglycosyl-pyrrole (AFGP) was double diffusion and by non-oompctitrve ELBA, 
prepared by incubating glucose with 6-aminohexanoic acid Using the hyperimmunization protocol described above, 
andsodium sulfite for 26 days at 37° C followed by high titre polyclonal rabbit anti-serum against RNAse (toe 
chromatography on Dowex AG 1x4 anion exchange resin carrier protein) was obtained. The anti-RNAse titre was 
and HPLC. determined to be greater than 10~ 5 in a non^mpeuuve 

ELK A. The following absorbed antigens were tested: 
OTHER METHODS RNAse, glucose-derived AGE-RNAse, BSA, glucose- 

Tne anti-AGE antibody and its reactivity with in vivo- derived AGE-BSA and ^-derived AGE-BSA The results 
derived AGEs* and its non-reactivity with AGEs synthesized 35 arc shown below in FIG. 1. 

chemically by methods involving hydrolysis or reduction Significantly higher reactivity was observed for the 
were evaluated. Protein concentrations were determined in immunogen AGE-RNAse man RNAse. The anu AGB- 
accordance with Bradford, M., ANAL. BIOCHEM., RNAse antiserum also reacted with albumin modified by 
7204S-252 (1976), and BSA was utilized as a standard. incubation wim either glucose or G6P, but not with unmodi- 
RDxmuclease and AGE-RNAse protein amounts were deter- ^ ficd albumin, indicating the presence of antibodies specific 
mined additionally by SDS-PAGE and comparison of Coo- for AGEs. 
massie Blue stained bands with RNAse standards. Hydroot- m Axm * 1 

yproline content was determined according to Edward, C. et example 1 

X CLIN. CHIM. ACTA, 104:161-167 (19S0). Collagen EUsa Assays 

To monitor the formation ofanti-AGE «*k^i** 

^pr^^n^ntrol albumin was also incubated AC^A^ere used as the absorbed anti^ 

untemH^ m absorbed antigen w^ntacted with ser^ 

Stations were performed under sterile conditions in allowing the anti-AGE anU^^ncd fate >«to 

me toHnd at 37° CAfter incubation, unbound material complex. The level of complex formed was then evaluated 

wt^vX^ by adding and-raW* ^^^^^^ 

^ "S ^S) or * ^filtration over Scph^ G-10 if*^ 

(Pharmacia, Uppsala, Sweden). . [jj^ serum<^h^on ^^gaSWtof maximum OD403 signal. 

rogftnl and a^., pmrt xd«ve fluorescence con*- ^^^^J^^^IR^ 
pared to the AGB-BSA standard. SUSSES £«IedS d« with 0.15 
PRODUCTION OF ANTI-AGE ANTIBODIES ml of a solution containing PBS, 0.05% Tween-20, and 1 
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BSA. and 1 raM NaN v After washing the Mocked wells with model Amadori products, dcoxj^la^o^ctosc jnd 
J^^eVn 50 Ml of a compethg antigen was added, dcoxymoipholinoftuctose were also tested, and each com- 
foUowod I by 50 id of the rabHt^Sived antiserum (final pound failed to inhibit antiserum binding. Further evidence 
dllutton, Viooo). that Amadori products are not re^niz^ by the antiserum 

Plates were thereafter incubated for 3 hours at room 5 was provided by the fact that sodium borohydnde reduction 
temperature, after which the wells were washed with PBS- of AGEBSA did not diminish reactivity in the competition 
Tween and developed wilh an alkaline phosphatase linked F3.ISA (data not shown). 

anti-rabbit IgO (raised in goats) utilizing To fafan characterize the nature of the in vivo-generated 
p-nitrophenylphosphate as the colorimetric substrate. AGEs which react with the antHAGB-RNAsc) antiserum, 

Results were expressed as B/Bo, wherein Bo is the 10 a qe$ werc synthesized in me presence of the advanced 
m^jmiim amount of antibody bound in the absence of giycosylation inhibitor aminoguanidine. Aminoguanidine is 
competing antigen, and B is the amount of antibody bound a hy( j ra2 i nc .iii x compound which reacts at an intermediate 
in the presence of competing antigen. Both Bo andBhAve ^ of ^ advanced giycosylation process, inhibiting the 

been adjusted for background (Sec Robard, CUN. CHEMp forTMtion 0 f protein-bound fluorescent products and 
20:125S-1270(LW)and c^ 1S ^^.Assf^m HO. 4, the inclusion of aminoguani- 

cal density at 405 im^ckground ophcaL density (no incubation of glucose and BSA signifi- 

antibody)l/[total (no compehtor^background optical 

^TSls oetennined that three imcrograms of the glucose- to the anti-AGB antiserum 
derived AGE-BSA standjrd iiihibited f^*^^S^ » EXAMPLE 2 

50%. This standard yielded an A^ of 12 mM alburma xu 

The specificity of the antHAGB-RNAse) antiserum was Agc Formation Kinetics 

thus tested using a variety of AGE-modified proteins, 

unmodified proteins, and synthetic AGEs. As shown in FIG. The kinetic relationship between the formation of AGE- 
2 (A) results were obtained by testing anti-(AGE-RNAse) associated fluorescence and the formation of products which 
antiserum against different maimed albumms in a conn?efr 23 bind to anti-AGB antiserum was also evaluated. FIG. 3 
tive ELISA system using AGE-BSA as the absorbed antigen. shows a time course forthe development of fluorescence and 
All points represent the mean of triplicate determinations. anti-AOT antibody reactive material 

The AGE^umin prepared by incubation of BSA with BSA was Incubated with glucose, aliquots were removed 
glucose showed the greatest inhibition, followed by AGE- ^ at various intervals, dialyzed to remove unbound products, 
albumin prepared with guicose-6-phosphate and with true- anf j then assayed. AGE-fluorophores were observed to form 
tose. rapidly between 0 and 40 days and to precede the formation 

FFI-BSA, a BSA derivative which carries the synthetic c f antibody reactive products. 
AGE ligand FFI, was n ot recognized by the antiserum. Other when measured by ELISA, AGEs were not detected until 
albumin modifications such as fonnyiation or maleyiation, 3J ^ y 2 q, ^ then formed rapidly between days 30 and 70. 
which produce specific recognition signals for albumin ^ formation of both AGE fluorophores and antibody 
uptake in vivo likewise did not demonstrate any cross- reactive products eventually plateaued. 
reactivity with the antiserum. 

The AGE-modification competed for antibody binding in EXAMPLE 3 

the competitive ELBA when it was present on diverse 40 . 
carricrproteins (FIG. 2, B). Tims, GoP-dcrivcd AGE-HSA, Diabetes Evaluation 

glucose-derived AGE-LDL, and ^ucose^yed AGE- ^ ^ mv cntion affords a particu- 

collagen (type IV), til demonstrated s^^c inhibition of cfectivc for the detection and evaluation of 

antibody binding to glucose-derived AGE-BSA. In contrast, ^Jxics as weU as other disease states in which AGE levels 
tinmodified HSA, unmodified LDL, and unmodified col- 45 ^ Effective assessment of the presence and/or 

lagen did not so conmete. Acetyl-LDL, a modified form of of ACffis in diabetic tissue, and the use of the AGE 

LDL which is specifically recognized and taken up by * described herein to cfou*cterize the overall condition 
cellular scavenger receptors, also was not recognized by the ^ ^ known to be diabetic, are described below. 
anti^AGErRNAse). . ^<„~^mm™ To determine whether tissue AGEs could be measured by 

model ACT products tested were FFI. AFGP, pyrraline, were evaluated ^ . . . mU . 

^xymcthyUysU and pentosidine. Ttese compounds Diabetes was induced ^^^fj^.^J^. £ 
were Uotattd from in vitro incubations of amines with the rapid intravenous injecton of alloxan (40 mg*B)or 
reccing sugars or from tissue collagen after reduction and „ streptozotodn (65 mg/kgX ^fRSSS. X^SSS 
a^^dJyriL These compound? were tested at high by assaying Wood 

concenttadous so that even low levelsof Inhibition wouldbe 16 week intervals ^ mM^altoxan- 
rcadny detected. None of these products competed wilh the treated animals (d=24 andr$.5i3.9 in tt^ptonlmn- 
bSg of the antiserum to AGE-BSA. treated animals (n*24* There was no 

^SLc andG6P were incubated with lysine to determine 60 blood sag* ^ wiA tm^e in &e control, allaxan-treated, 
whether low mc4ecular weight AGEs could react with the or streptoiotocui-treated animals, 
antiserum obtained. These products were generated by the At 4 month intervals, 6 anlmab were sacrificed and the 
incubation of glucose or G6Pwim lysine In vitro without aortas removed and frozen at -80 C fa later maiysts. 
chemical reduction or hydrolysis. The resulting product was Arterial tissue was slowly thawed, rinsed with PBS. and 
tested for reactivity in the competitive ELBA. 65 finely minced with scissors. Lipids were extracted with 

Control Incubations consisting of either sugar or lysine acete^cMoroform (1:1) by shaking *"*°""V« * l * 
done Med to show any conqx^onCdata not shown).Two C Samples then were dried by vacuum centrifugation and 
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.suspended in O^M Na£ buffer <**W™££ ^^^^^^SSSS^i 

^^rJ^^«t?7-C^£dS^C^ SSL development and extent of the pathologies and 

mixture incubated for 48 hr at 3V ^ ^^"^ (Xba that have been associated with this reaction, 

drop of toluene was inched to ^ C f* mellitis. Suarez et aL. (1989) /. BIOL. 

samples then were centnfuged at 15.000><g and ^ dear 5 sum as ^ McPhenon ct aL, (1988) 

-pematants used for fluorescence. AGE. and hydn*ypro- ^gg^S^OiaSS, both suggest ttat the 

line measurements. . , rt ^ n , ntnr{n nresencc and partidpation of fructose in protein crosslinking 

In the diabetic animals (aU««^us-sti^otocm gu«« ^J^^ fe AG Es that 

group), relative 1 ^^^^iT^o^ io commends Its measurement and control, and significantly, 

16 weeks to 23.7%±3.0* at 64 ^^^J^SS Ahmed et«L, (1992) O/AT. C/nrAf.,38(7):t30l-13Q3, state 

cence ^"^^Sl ^9^^Sffi iXctosyiated Hb Is incapable of effective diagnosis by 

during mis time period 03%±LO% to 9*^-8*. not "a tiy £^ ^ays. 

between groups. 

Analysis of the AGE content by ELBA showed an EXAMPLE 5 
atinitfwi?nl ».i v two-fold increase with time in the diabetic . 
Ss^Tu^aT^eeSversus 10.5*1.8 U/mg Anti-AGE antibodies developed for the detection of in 
a^eikfpS ^Arterial AGE content also increased vivc-fonned AGEs were used in a competitive ELBA to 
t^^ifc^lln^^o rats although at a much measure hen^ogl^-linked AGEs in red fa-ft*** 
lower rate than in the diabetic animals (2-5±fl.6 U/mg at 16 FIG. 9 shows the results of this analysis for 32 red cell 
weeks versus 4.3±0.4 U/mg at 64 weeks P<0.001). 25 samples obtained from diabetic Individuals (DM) and non- 
Human scrum was aUo obtained from normal and diabetic diabetic normoglycemic Individuals (NL). HonoglobiJi- 
oan^P^Tw^co^rc^sed renal function were linked AGEs were detected in both groups of mdiVjduaU, 
^ ^diL bec^us^ wX^P^uts has been found to but significantly higher amounts were present in the diabetic 

of low^leauTpqJtides which are inefficiently cleared by dent's unpaired t-test). 

Bedf^MassOpric^toMudysfc. afti-AOTanX5 ^^c^thaVtheh«rK,gIobln- 

Wben expressed as AGE UAnL me normal patients (non- k a diicc^e-dcrivcd post- Amadori prod- 
diabetic noxmTrenal function) had a <° tT^^^c^^^^^l^ 

103±1.3 U/ml serum. Hie AGE levels were f£*?™*? Htv-AGE in a statistically significant manner, 

than two-fold in the diabetic patients (24.7±2.4 U/ml, hc-aw m a awiswwv 

P<0.001 for diabetic (DM) vs. normal (NL) and almost EXAMPLE 6 

well with the findings of a recent study which utilized a was ™ Zcose e^trati«a7mat mim- 

patients on hemodialysis. decadent manner. See FIG. 11. That early Amadori gh/ca- 

EXAMPLE4 tion products are unreactive with anti-AGE antibodies was 

An assay of time-integrated blood glucose levels was confirmed in the present V^J*^*^**™^ 

pJ^usSgrpSfollowed ta Example 3 above, sodium bowhydrM* reduction wUch Am to Amadori 

5m samples taken fWnonnal and diabetic patients. The product epitope did *?^J%.*^**™^ 

w-J™ ^ Pirs 7 ,nd 8 it can be seen that the ment with aminoguanidine. The patient group consisted of 

J^%J^^i^A^t1^nu . 18 individuals *^£?*^^J?% 

mVSandard comparesfovorably with the known determi- samples were cbtodncd before and 1 after 

nant and standsriHbA le , and can be used in any instance n<>guanldine •«»-**» S^tlSJJ HtthAGB 

where the latter test ma?bc called for. The data n«sure- mined by ^,^^ v ^^J ja ^^me 

ments mat were received are virtually identical and the value decreased signfficanflyas 1a I ^ w "J^^^rr 

'SX^SSS^St Sayh consequently high. « therapy. (UlttJ »A^vs.lOM9» 

^^er^tfcapp^onof me present invention is AGE/mg Hb [MeauiSJJ.] P<0.001. by Student s paired 

in the measurement of fructose-derived AGEs. The mea- t-test). 



5,702,704 



25 



HbA, values were not affected lyainln^uaa^^t- 
merf (10.1*40.8* v. M%±0.8*, [Mea«rf^]WJS). No 
Scan danges to either the Hb-AGB or HbA* levels 
JSS^blo«l sables oc^ocdtomagroupofslx 

IdLteSeiving a placebo control (data not shown). 

The existence of an AG&modifled hemoglobin is note- 
war^lnwsveral respects. First, AGEs generally have been 
Sertd to i^uircatimc course of ^ » >"£ 
form, even under hypcrglycxmlc conditio^ _ We prc^ 
Sgs indicate that within the Ufespan of 
«lls, e.g. about 120 days. 

modffied hemoglobiD are formed. If Hb-AGE Units. 
muuu . . .. ° Am^ihurain standard, are 
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TABLE 



Treatment 



Urine AGE*: Unto 
exacted per 24 fa*. 



10 



Kcnnlnts 
NanwlraU treated 
with 70 mgfaftoy AG HCl 
Diabetic rats 
Diabetic rats trotted 
with 70 mfift#d«y AO 

Ha 



5400 ±1200 
2200 ±190 

9400 ± M0 
4100 ± 1200 



cells, eg. about 120 oays, uguuiwm. 

modified hemoglobin are formed. If Hb-AOfi uw* Pmm th c above, it was observed that twenty-one weeks of 
plated as a fraction fJ^^J^^ ^ZJ^T .nn. animals which was nocmaUzcdby 



diabetes produced a i./-i«a incre»» ™ — T'Ztu^ 

^ertoTof normal animals which was normaWby 
aminoeuanidine administration. Armnoguamdine-trwtted 
ESRS showed a 60% inhibition of urinary AGE 
excretion. The above data accordingly confirms the rel- 
evance and value of the measurement crf urin^AG&and 
AGE-peptides to monitor conditions such as dtabetes where 
£e SveTof tissue AGEs is a clinically valid long-term 
determinant, as well as the apparent efficacy of aminoguani- 
dine as a therapeutic agent. . 

This invention may be embodied in other forms or earned 
out in other ways without departing from the spurt or 
essential characteristics thereof. The present disclosure is 
before to be considered as in all ^specte fflustr^ve and 
not restrictive, the scope of the invention being indicatedby 
the appended claims, and all changes which ^rnc within the 
, meanST and range of equivalency are intended to be 
embraced therein. 
What is claimed is: . Afa , 

1 Acharmaccutical composition containing an anti-AGB 
Ji^n^manoo3.a pharmaceutical^ acceptable 

wherein said anti-AGE antibody fa reactive wdh m vivo- 
produced advanced glycosylation endproducU and has 
the following characteristics: 
i it reacts wife an immunological epitope common to 
* said in vivc-formed advanced glycosylate end- 

iiTu'Sss reactive with advanced glycosylation 

endncoducts formed in vitro; and 
ilLhto not cross reactive with the ff°wingm°del 
advanced glycosylation endproducts however 
^Sz-S-W^^-P-ruran^-lH^rnidai^ 
STl-aW-2-fwmyl-3.4-diglyco.yl pyrrole 
( AFGP). Thydroxymethyl-l-alkylpyrrole-2- 
carbSSyd\ (pyrraA cartaxyraethytysine, and 
Hoddinc, w^reln reactivity is detected in a com- 
Sve immunosorbent assay format, wherein 
Ke serum albumin (BSA)-AGE ^ed by 
incubation of BSA with glucose £ adsorbed to said 
sofid phase, and said model AGEis tested l as the 
_ inhlbitoror binding of said antibody to said BSA- 

Groups of normal and stiepto^ocin^abe4ic r^ woe -r^Sarmaautical composition of claim 1 wherein 

8,1 . 7ZZ in .MM«nai weeks, urines were collected combinations thereof. 

i« ^uA.fArmfid advanced 



%S£^<^" (Maun* of ^ 

b^globhVThis level increases to a mean of 0-75^08% 
in the diabetic groupthat was, "u*ed.Thes< ^ <££ 
with corresponding HbA 1<5 tractions of 5 *^ d J.™ for 
the iwrmoglycemic and diabetic groups respectively. 

The high amount of AGE accumulation on he^obln 
compared to connective tissue or basement membrane col- 
^^yreflectthereceptor-^^ 
^tissue AGEs during normal remodeling or indi^can 
inherently enhanced rate of AGE formation 
aTTprotein substrate. Alternatively, circulating red Mood 
ST SoWn may be susceptible to modification by 
SuTrSma AGEs which occur In dcvUedamo^m 
patients with diabetes, renal insufficiency <^ other disease 
Editions. Irrespective of the mechanism of forrnato. to 
anoUcation of qSntitative ELBAmethods to measurements 
S Kv^gSSAGEs indicates that AGE fcrmahon 
Occurs more rapidly with hemoglobin than wan connective 

tissue collagen. . 
Hb-AGE iray thus serve as a useful H(>chemical^xrf 3J 

advanced glycosylation in vivo. The fonnati on of Hb-AGE 
reflects a tmL integral of blood ^se^^ntrahon thaUs 
significantly longer than that established for HbA^ (3-4 
weeks). Four wedc ihatmacologlcal intcrventic^ with anJ- 
ooguanidine was sufficient to lower lagnificantly (28%) me 
Hb-AGB levels in a treated diabetic population. 

Hb-AGE measurements may facilitate a variety of inves- 
dgatcftoto the pathophyriology of bo* diabet^ ar4 
ale-related complications. These would Include clinical 
sSrSn^Teluddating the benefit of stria tfucosc 
control in preventing diabetic complications, as well as 
experimental Investigations of the rde of advanced gfyec- 
syiattonin the pathogenesis of such diabetes- and age- 
related conditions as atherosclerosis, hypertension and renal 
disease. 

EXAMPLE 7 

Effect of ArninoguanMine on Urine AGE Levels in 
Normal and Diabetic Rats 



45 



SO 



and the otner nan oi uic — ,. . j. 

gavage. After 10 additional weeks, unnes were collected 
fran aU animals over a 24 hour period. 

Urine samples were centrifuged and ^P*°f^=£ 
diluted eight-fold with 03M pota.sium f^iphate buffer pH 
74 Samples of the diluted urines were run in the AGB « 
EUSAastay described above. The results of these measure- 
ments are set fc^ in the Table, below. 



1SEi*» In vivc-f^jdvaneed 

gly^laionndW«s «"* ^ ^ f ° U0Wlng 

actetistics: 

aT reacts with an immunological epitope cormnonto 
sMd^vo-fonned advanced glycosylation endprod- 

nets; 
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B. it is cross reactive with advanced glycosyiation end- 
products fanned in vitro; and 

C. it is not cross reactive with the following model 
advanced glycosyiation endproducts however formed: 
2-(2-furoyl)^<5)-(2.furanyl)-lH-iinida20le (FFI), 
l-alkyl-2-formy 1-3 ,4-diglycosyl pyrrole (AFGP), 
5-hydroxymethyl-l-alkylpyrrole-2-carbaldehyde 
(pyrraline), carboxymethyllysine, and pentosidine, 
wherein reactivity is detected in a competitive immu- 
nosorbent assay format, wherein bovine serum albumin 
(BSA)-AGE obtained by incubation of BSA with glu- 
cose is adsorbed to said solid phase, and said model 
AGE is tested as the inhibitor of binding of said 
antibody to said BSA-AGE. 

4. The antibody of claim 3 wherein the advanced glyco- 
syiation end-products formed in vitro and reactive with said 
antiserum are selected from the group consisting of AGE- 
RNAse, AGE-hemoglobin, AGE-albumin. AGE-LDL, 
AGE-collagen Type IV, AGE-BSA reduced with NaBH 4 , 
and mixtures. 

5. The antibody of claim 3 prepared by hype rimmunirin g 
a t*""""»i with a foreign protein or the reaction product of 
a protein incubated with a reducing sugar. 

6. The antibody of claim 5 wherein said reaction product 
of a protein incubated with a reducing sugar is AGB-RNAse. 

7. The antibody of claim 3 wherein said epitope is formed 
by the incubation of a reducing sugar with a protcinaccous 
material selected from the group consisting of RNAse, 
hemoglobin, lysine, collagen Type IV, LDL, BSA and HSA. 

8. The antibody of claim 7 wherein the reducing sugar is 
selected from the group consisting of glucose, glucose-6- 
phosphate, fructose, and ribose. 



9. The antibody of claim 3 wherein said epitope is formed 
by the incubation of glucose with RNAse. 

10. The antibody of claim 3 which is polyclonal. 

11. The antibody of claim 3 which is monoclonal. 

5 12. A labeled antibody reactive with in vivo-formed 
advanced glycosyiation endproducts and having the follow- 
ing characteristics: 

A. it reacts with an immunological epitope common to 
said in vivo-formed advanced glycosyiation endprod- 

10 ucts; 

B. it is cross reactive with advanced glycosyiation end- 
products formed in vitro; and 

C. it is not cross reactive with the following model 
advanced glyeosylation endproducts however formed: 

15 2-(2-furoyl)-4(5)-(2-furanyi)-m-imidazole (FFI), 
l-alkyl-2-formyl-3 ,4-diglycosyl pyrrole (AFGP), 
5 -hydroxymethyl- l-alkylpyrrole,-2-carbaldehyde 
(pyrraline), cairtwxymetbylrysine, and pentosidine, 
wherein reactivity is detected in a competitive immu- 

20 nosorbent assay format, wherein bovine serum albumin 
(B SA)-AGE obtained by incubation of BSA with glu- 
cose is adsorbed to said solid phase, and said model 
AGE is tested as the Inhibitor of binding of said 
antibody to said BSA-AGE. 

23 13. The labeled antibody of claim 12 wherein said label is 
selected from the group consisting of an enzyme, a chemical 
which fluoresces, and a radioactive element 

14. The labeled antibody of claim 12 which is polyclonal 

15. The labeled antibody of claim 13 which is monocio- 
30 naL 
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[57] ABSTRACT 

The present disclosure concerns a treatment for autoimmune 
diseases, including AIDS, by removing interferons, TNFs 
and receptors therefor, from body fluids. An extracorporeal 
device exposes fluids from a patient, including blood, 
plasma, cerelorospinal fluid, and the like, to an immunosor- 
bent to accomplish removal. Following treatment, the fluid 
is returned to its source. 
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TDFATMFNT OF AUTOIMMUNE DISEASES, against them were found in the sera of humans and in animal 

^TJ^Kr OF models, it is possible that the particles are integral parts of 

trSKSs^R ?IlSSSTORS the lymphocytes or organs. HIV and its particles are inter- 

INTERFERONN l ^ iu kj feron inducafi . Every antigen is an interferonogen; "selT 

imuiLrvR 5 ^^01 induce IFK Thus, the production of IFN signals the 

BACKGROUND OF THE INVENTION invasion by a f areign antigen. IFN production, mostly IFN 

x itvm «f A* Tnv«iti ftn of the aberrant type, and its prolonged circulation in the 

a) Field of the Invention mnditions md body is an inseparable part of the development of autoim- 
The invention concerns a method to treat conditions and ^ ^ ^ i^ nological ch&os . For 

diseases which are caused by the disturbance of ^esjs or j antibodies to CD4 in patients with HIV infection 

interferons (IFNs) and certain other substances (eg, tumor «™P * ^ ?g; m ^ aossreact with class H 

necrosis factor) which damage the immune system and have v (Rroc Natl Acad Sci USA 88: 3^0, 1991) which in 

a direct pathological action on cells. tum h induced by gamma IFN, or by gamma IFN in 

b) Description of Related Art combination with TNF, and possibly by aberrant IFN, which 
Besides its anti-virus and anti-proliferative roles, IFN also u £ n< |uces TOF. In other words, aberrant IFN and TNF could 

plays a role as an immunoregulator (Immunology 25: 367, bc ^3^1 pathological triggers of immune dysregulation 

1973; W. Stewart, Interferon System, 1979). The normal i n aids. 

functioning of the interferon systemin vivo is critical for the Bcsidcs classic AD and AIDS, there are a number of other 
normal functioning of the immune system. A change in IFN pathological conditions in which autoantibodies play a 
synthesis can bring about a change in the immune system. In ^ ^ ^ ccll (of organ) transplantation and 
1974 an article was published suggesting that the hyperpro- ^ heart or stroke< certain antigens from the trans- 
duction of IFN can be the main cause of the develo ^f n lf* plantation of cells (organs) or necrotic cells from the heart 
autoimmune disease (Nature 551: 2047, Feb. 22, 1974). IFN ^ ^ ^ahi can stimulate the production of antibodies or 
was found in the circulation of patients with automimune inmm lymphocytes ^ Johnson, L. Lynne and Wm. 
diseases and it was neutralized in vivo with anubody to ^ g Sem Nuc Med 19: 238, 1989; M. Leinonen, E. 
leukocyte (alpha) IFN; h^ T . nnamnMci R Mattilc and M. S. Nieminen, et aL. Micro- 
in their blood (Annals of Allergy 35: 356, 1975). biolo path 9; ^ 19 o 0; j. Montalban, A. Codin, J. Ordi, M. 

Later it was shown that mis hyperproduced alpha IFN is Yiiaj^ ct ^ stroke 22: 750, 1991), which later partici- 

found not only in the circulation of patients with classic pafc m s ^ cd ^ ll ( m the case 0 f a transplant) or attack the 




„.t^w « r mt - - . UKX)V> vi uiu.nw V i* rr^wi triggers the irnmune process. 

IFN may participate in the pathogenesis of AIDS where its countcr transplant rejection, antibodies to three kinds of 
presence is a predictive marker of AIDS progression (Cancer interferons (alpha, beta, and gamma), or in some cases, 
Res 46: 417, 1986). It was proposed to remove aberrant IFN ^ amma yp^ alone, and the antigen of the transplanted cell or 
from the circulation as a method of treatment of patients organ ^ pieced m the immunosorbent column. To treat 
with autoimmune disease and AIDS, also considered an infarction or stroke, antibodies to IFNs as well as cardiac or 
autoimmune disease. brain antigens are placed in the immunosorbent column. 

Aberrant IFN can induce tumor necrosis factor (TNF) and partner, the present invention may be used in combination 
its receptors (AIDS Research and Human Retroviruses 7: 40 immunosuppressive therapy necessary for treating inf- 
545, 1991), which enhances virus replication (Roc Natl action and stroke, 

AcadSciUSA86:2365, 1989). In other words, aberrant IFN ^ addit i 0Ilf m human autoimmune disease certain cells 
production reflects virus replication- The aberrant IFN express abnormally elevated levels of HLA class n antigens, 
induced by HIV has low anti-(HIV) viral activity (I Immu- is stimulated by the disturbed production of gamma 

nol 148: 422, 1992). In some stages of AIDS, its induction 45 jpn iui (jpN 9, Academic Press 1987, p. 75). The 
may help the virus survive. disturbance of the synthesis of HLA class II antigen plays an 

Alpha IFN, mostly the aberrant type, may be the main important role in the pathogenesis of autoimmune disease 
cause of the development of autoirnmune disease, but in and AIDS. The disturbance of HLA class II antigen leads to 
some situations gamma IFN, and more rarely beta IFN, can a disturbance of the presentation of antigens to T cells, T/B 
aUoplayapamogeneticrolesmc«aUofmesepartidr»tem 50 cooperation and the dysregulation of the interaction between 
immune regulation. Every hyrwrproduction and chronic T ceUs For mc normalization of the immune system, it is 
circulation of IFNs, especially aberrant IFNs, and other necessary to remove hyperproduced dass H antigens, and in 
defective IFNs, have a negative influence on the function of gome it ^ ^ Q neC essary to remove its receptors. For 
different body systems, In particular the immune system (J ^ ^uson, the present invention includes in the immun- 
of Clin Immunol andlmmnnopathol 43: 362, 1987; Am J of 55 osarocn t antibody to dass H antigens, and in same cases, 
Med Sd 295: 532, 1988). The presence in AIDS patients of antibody to its receptors. This absorption can be obtained 
gamma IFN may be a marker of die intensification of the wno j e blood or from the plasma with leukocytes 

"tEffiS- io the circulation. IFNs have also SUMMARY OF THE INVENTION 

been found in the cerebrospinal fluid in some patients wim « An objective of the present invention is torestore immu- 

orvchiatric and neurologic diseases (Acta Biol Med Gam nily in some autoimmune diseases, such as AIDS, by remov- 

38:879. 1979; Acta Neurol Scand 53: 152, 1976)andinthe ing IFNs together withTNF, and to some ^«w^ptors 

joint synovial fluid (Ann of Rheum Dis 42: 672. 1983) of therefor, as well as certain antibodies and antigens, using 

oatients with rheumatoid arthritis. Healthy people do not combinations of immunosorbents in an extracorporeal 

have Interferons in the spinal or synovial fluids. 65 device. An example of antibody use is placing antibody to 

As is known. AIDS is induced by HIV. In autoimmune HLA class n antigen in the iinnnra sortenl An 

disease where HIV like particles and their antibodies using antigen in an immunosorbent is the anhgen-CD*. 
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^ . . . nPSPJUFTION OF THE PREFERRED 

Tne latter can be included among the immunosorbent^ "ESCKIFIIU^ODIMEOT 

either in combination with other sorbents, or alone. For 

!L mnle treatine AIDS patients, a combined sorbent ^ co^nm 10 and tubing are made of plastic approved 

^™£Ta fast component of antibodies to IFNs, a second for me use of blood. The total volume of the column 10 and 

~mS ofTvnSScytes from healthy donors, mostly * tMngiss^ & p^^^^^ t }^ 

other target antigens can be us* las to 

antibodies to IFNs and other sorbents ™ "» ™ d , fluid samp le 18. A first filter 20 is 

eases of the central nervous system, additional ™^ l^s^^^um^U^iihccoiuTnnW^A 
bents antigens from the brain cells could be used to abso* in ^SSiSkSI interposed between the return tube 16 
antibodies formed against brain cells. In u-eating pftetfs JJJ^g^ u ^ mas ^ » prevent the flow of 
with systemic lupus erythematosus in addition to other 1S ^ nosatentfrommcco iumn 10. Two way stopcocks 24. 
sorbents. a sorbent (DN A) can be added to absorb anti-DN A ^ flw me system, 

antibodies. The column 10 is positioned lower than the source of the 

In still another example of treating an autoimmune fluid samplc 18 , whereupon the cerebrospinal or 
disLreg rheumatoid fever, me invention uses one fluWflow^to the colunm 10 under the influence o^ £mty 
S?nt for removing IFNs and other substances, often 20 ^ the fluid perfuses through foj*>?? m ^* t ? 
oSer w^el L^tors. and a second sorbent for coUccte d in. holding tube 26 from which it is returned to the 
removing antibodies against cardiac tissue. The second sout ce of the fluid. 

sorbentcan also include both certain serotypes of strcpto- Materials according to the present invention to be used 
coccus (streptococcus group "A") and antigens of cardiac ^ ^ ^ 10 may be obtained as follows: 

ri«ue Some antigens from cardiac tissue and some sero- 

r^s of sS»tSc«s are antigenically sirnilar. When treat- EXAMPLE 1 

*g certain diseases connected with hypersensitivi^ ot d» human gamma IFN: Adult 

li^te^efr taoncU-l^/co^joAg ^f^^lnized with purified human gamma IFN 
having a first component for absorbing ™* '» 30 , io^io 6 unil/mg protein). This interferon is first mixed wito 
substances, as well as a s«x,nd component n^de of an (UT u ^mw Adjuvan t and 30* 
antibody against IgB (immunoglobulin E), can be used. eq^ ^ ^ M or su bcutaneously on day 1, 4, 14 

These approaches could restore the immune system and, and 43 (100 units, 200 units, 200, 200 respectively^ After 
JSSytoAIDS. break the chain of events which are ^ 200>m units/month fox 6 additional mouAs are 
SjLcontinuousrepUeationandsurvivaiofthe^s, 33 ^^^^^ 

Removal or neutralization of alpha, gamma and beta IFN). IgO is isolate* and purified. 
IFNs TNF and HLAH class antigen, and/or their receptors EXAMPLE 2 

L S or huWn hybridoma. These different antibodies can rece ive 12 weekly fcecuonso ^ffi?£SS 
SsT£ STimmunosorbent column. If me antibody is wccks after the 12 injerffcns a Y^S^Sm 
. L ^„utPmyltntomuscularly or intravenously, men it of IFN is given which is first mixed with Freund s Complete 

taSSS S^SSoMl antibody, however it is « 7 days later. IgO is men obtained and purified, 

woduced, as long as it comprises human protein). To neu- AMPLE 3 

S1u7tibodie7to^ BXAMPLE3 

these cells must be placed directly in the immunosorbent OJbaa p rcpara ti 0 n: Sepharose CL-4B (Pharmacia, 
column. It is also possible to use a combined treatment- jo PiscattawYi N j.) (100 ml) is washed thoroughly wim pyro- 

with both the immunosorbent column and parenteral injec- ^ watCTi then suspended in 300 ml ice cold 1M 

ton of specific antibody. NaC0 3 pH 11.0.20 gmsCNBr in 10 Macctomtatefc ! added 

Regarding the extracorporeal system . «~ -"JS "^ZnTl^Tc^^X 5 

can bTobtalned with an extracorporeal device from whole fretted ^J^ ,^S carbonate buffer pH 93 and 
U006, plasma " l^^^ J^S^^^ buffer pH 8.5. 
one can use a blood cell separator (e.g. Ccbe^pecto^ 1 " d ^suspended in a solution of 780 mg 

which ^.J-T^tTVS^JSS 2^£j£33*l 200 ml of 0.2M . Bicarbonate 

device is known from US. Pat. No. ^oAiaa wnica ;"Tr!, H0 , r^r u incubated for 20 hours at 4 degrees C. 

incorporated herein by reference. To remo^thrfogiwl ^P^3.m^incu ^ fe decaBted mA 

substances from joint and spinal fluids a spedalo^acor- 60 ^^.^SBn 100 idI cf 0.05 PBS (Phosphate 

poreal device with a small amount of unmunosorbent is J^^J^^™ ^ p H 8.0 for 12 hours at roora 

used. tanperature. This is then washed thoroughly with 20 vol- 

BRIEF DBSQUPnON OF THE DRAWWG . ^Kj-*^ _ , ^ ^ 
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5 . _ selected from the group consisting of alpha interferons and 

tawing fluid ftom said patient; . ca mma interferons, and (b) at least one receptor for tumor 

passing said fluid througii uiununosorbent con^ang a * h fa ^ tom said fluid. 

Combination of aoUbodies. consisting essentially of^(a) ^ A of rcmoving antigens from a patient with 

one or more 

antibodies to at least one uweneron, autoimmune ^,5^ or AIDS comprising the steps ok 

selected from the group consisting of f^% mte f^°°' ^wing fluid from a patient; 

and gamma interferons. Md /^™?™ 0 ^ ^ Dassing said fluid through inmmnos(>rbent comprising in 

one or more antibodies to tumor necrosis factors, and P ^K^ ona piuraUty of antibodies, consisting essen- 

receptors therefor, and ^ rf ^ ]aA one anybody selected from the group 

returning said fluid to said patient . . 10 consisting of anti-alpha interferon and antibody to 

2. Themethod according to claim 1. wherein ^dmefcod m4 ^ least one antibody 

removes alpha interferon and tumor necrosis factor from Reeled from the group consisting of anti-gamma inter- 

said fluid. ,. t whwinsflidinethod feron and antibody to gamma interferon receptor, and 

removesbomalphaandgammainterferon.andmmorne«o- ? fluid> ^ synovial fluid. . 
sis factor, from said fluid. -..mamMU 12 The method according to claim 10, wherein said 
S.Ttoau^accc^lotol.^^^^J 20 JJ^ axe selected from the group consisting o mono- 
selected from the group censing -"JS^fS cfonal antibodies, polyclonal antibodies, and combinations 
plasma, plasma containing leukocytes, peritoneal nuia. cere- 

brospinal fluid, and synovial fluid. ^ ^ method according to claim 10, wherein said 

6 The method according to claim 1. wherem^d anti ^ ^ ^ mterferoI1 and gamma inter- 

antibodies, polyclonal antibodies, and <»f^™ 14 ^ method according to claim 10, wherein said 

7 . Themeftodaccordmgtoclaiml,wherem > «^1 method ^J^^ ^ ^ interfct on receptor and 
removes: (a) one or more recept^ for at one tor ^ S(dd flm< L 

interferon, selected from the group co^sbr^ of alpha gamma accordijig t<j claim 10 wherein md 

interferons and gamma interferons, and (b) tumor necrosis x & comhination of: (a) alpha interferon, 

factor, from said fluid. . . . f . ^ and fts) receptor for gamma interferon, from said fluid. 

8. Thememodac«>idtagtocU^ 16 T^thod Lording to claim 10, wherein said 
removes: (a) one or more interferons, selected from the V^ in Uioves agination of: (a) at least onere^tor 
2oup consisting of alpha interferons and g«n*» JKjlSttaoo, and (b) gamma interferon, from said 
interferons, and (b) at least one receptor for tumor necrosis ^ roraip 

factor, from said fluid. .j_^,t,~i 

9 The method according to claim 1, wherein said method * * * * ♦ 
removes (a) one ormore receptors for at least one interferon, 
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ABSTRACT 



An improved assay method for detecting the presence 
of an antibody capable of binding with an antigen of a 
virus is provided. The improvement comprises using a 
non-human immune antibody which is reactive with an 
anti-human antibody as a positive control in the assay. 
Non-human immune IgM and a method of producing 
the IgM is also provided. 

12 Claims, 1 Drawing Sheet 
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thcr, as more successful therapies become known and 
away SYSTEM FOR DETECTING ANTIBODY used, fewer seropositive donors will be available and 
AN^A^IETHOD OF PRODUCING NON-HUMAN thus the required antibody even more diflfcul to obtain 
AND A M^^J^SttBody i„ the case of AIDS patients .t has been found that 

immune, am i»w 5 Ae e(mdi|to|I of patients wh0 do nate blood or are sub- 

TECHNICAL FIELD jected to plasmaphoreisis deteriorates rapidly. There- 

, j obtaining AIDS positive blood or plasma from 

The present invention relates to the use or a non- ^ ^ agBMe At disease and accordingly, 

human immune antibody, which is capable ol * g tf of antibody for use as a 

with an anti-human antibody, in » n JSiSB should be avoided, 

detecting the presence or absence of antibodies to viral po ioud mentioned assay systems detect the 

and/or bacterial infective agents. In particular the in- *2cKrrt«enBe of IgG fimmunoglobulin G). Such 

and a method of producing it. The appearance of detectable IgG directed to antigens 

BACKGROUND OF THE INVENTION m m in f e cted/iramunired individual does not occur 

Assay systems capable of detecting the presence or until 3<M0 days after initial infection in "»^^ 
abscS oSlnodies generated in response to the pres- 20 The IgQ chss antibodies are often present for months 

nf antioens are well known. Such assay systems 0 r years after infection/Immunization. 
Kj3l^SXltadhl«*ofv«lo« Thepresenceofdrcula^ 
diseases For example, viral infections, such as AIDS Ln g antigens during the course of an infection (or after 
S immune deficiency syndrome) and CMV ionization) is preceded by the presence of circulat- 
(cvtomegalovirus) may be diagnosed with assays which « mg TgM ^bodies directed towards the antigens/im- 
oetect the presence of viral antibodies in patients sus-. mun0 gens. IgM antibodies directed to antigens in an 
netted of having Wdisease. Examples of such assay m f eclc d/immunized individual are often present in de- 
systems which employ antigen-antibody binding in- tcct able quantities as early as 14 days (or earlier) after 
elude ELISA, Western Blot, Quick Western Blots (U.S. th e infection/immunization. The IgM class antibodies 
Pat. Nos. 4.816,387 and 4,885,235) and RIA. Such diag- 30 gradual i y 1^ t i te r 30-35 days after initial infection/im- 
nostics uniformly include controls to insure the integ- muIuza tion. 

rity of the test system. . It is widely recogniied that diagnostics which can 

Typically, the diagnostics have both positive and detect ^bodies other than IgG are desirable. For 
negative controls. The positive control provides perti- ^^pie, it is known that generally after confrontation 
nent information concerning the activitY of the test 35 ^ & foreign bodyi tne human immune system re- 
system, i.e., that reactive antibodies specific to the anti- spond8 b y generating antibodies against the foreign 
gens used in an antibody test system are bound to the j. of tt believed that IgM, not IgG is 

antigens (indicating that the antigens used in the test pmivcei first . As can be appreciated, assays capable of 
system aire working properly), and that the antt- detecting IgM w ai facilitate early detection of numer- 
immunoglobulin used to detect the bound immunoglob- 40 discase& IgM is> however, a relatively short-lived 
ulin is working. In the case of an ELISA system the mtihody whae it may be produced shortly after infec- 
anti-immunoglobulin may be labeled with an enzyme ■ m ^ eventually bdow detectable levels, 

(conjugate) which activates a substrate added to the ^ uced> m increasing amounts. See FIG. I 

system to give a chromogen reaction; in this case the * h CQm the titer of IgM ^d IgG in a pig im- 

positive control indicates whether the conjugate has 45 . . - tn hIV-1. Because IgM has a short life span, 
reacted, and whether the substrate has worked properly typically below detectable levels before 

as an activated chromogen. A negative control provides y v ^ Therefore, IgM is 

information about the absence of reactive antibodies ^ obtainable from seropositive donors and a 

specific to the particular antigens used u ia test system. ^ source of this important antibody is 

It also provides information as to the reaction level, 50 U ^"T 

determined by the signal used in a particular test, at n - ^ invcntion ovcrc0 mes the previously 
which a specimen may be considered negative. ment ioned disadvantages because it provides the ability 

The cut-off point in a particular test is often based ™ e " U ° ^desired antibody, i.e., IgG and IgM in a 
upon the relative value obtained by a positive control ^^^^l^SL^ A(h the present 
ancL/or by the negative control. An acceptabk detec- 55 . me thod of using non- 

SK£SS & tSSffZ&Zi * a control to 

trated for that tYpe of kit The positive control "value" systems. 

obtained in a particular test system affects the sensitivity SUMMARY OF THE INVENTION 

of that test system; the negative control "value" affects 60 invention provides a use for non-human 

the specificity of the test system. .„„„„: a „»ihodv in an improved assay system for de- 

Presently, the antibody used for a positive control* ™ e t £*™£ £ 0 TaEeof antibody which binds 
obtained from seropositive human donors. As can be ^ZT°nm^Z, ^detecting the pres- 
appreciated.it is disadvantageous to ^depend upon sero- 

positive donors as the sole source of antibody required 65 ence or absence ^ ™^ - si thc steps of (i) 
foVapwitivecontrol.NotabIy.thesupplyofantibod.es ^SI^K a biological 

is scarce and uncertain and tiie quality and character*- ^^^^^^pS an tibody .0 the 

tics of the antibody varies from donor to donor. Fur- fluid and positive coniroicumpm » 
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antigen for times and under conditions sufficient for the (at 492 nm with a 650 nm reference) measured on a 

antigen and any antibody in the biological fluid, and the Behring Processor II. 

antigen and antibody in the positive control to form it should be understood that optimal antibody titers 

antigen-antibody complexes and (2) detecting the for- may vary depending upon the vims used as an antigen 

mation of the complexes, the improvement comprises 5 and the particular test system used. The IgG positive 

the use of a positive control comprising a non-human control and the IgM positive control should be capable, 

immune antibody, the non-human immune antibody is - m a ccrta j n dilution, of producing an OD value within 

reactive with an anti-human antibody. the OD ranges given for a positive control in the indi- 

It is presently preferred to use mammalian immune v idual types of known test kits (to be determined for 

IgG and/or IgM and most preferably porcine immune io eacn type 0 f test kit) containing viral antigens for which 

IgG and/or IgM as a positive control in the assay. ^ p0S jti V e control is to be used. For example, a nonim- 

The present invention also provides non-human im- mun ^ e< j con trol pig serum produces an OD value, 

mune IgM antibody and a method for producing such js undef the cut ^fy al the same dilution at which 

IgM. . a pig positive control serum gives an acceptable positive 

It has been found, in accordance with the invention, is 5 " 7 C e for HIV -l A6 ELISA VIRGO ENI, be- 
that in both HIV-l and in HTLV-I lysates immunized tween Vfs'-l 100). 

animals IgM directed to viral antigens may be detected . ^ lUcr is cncc ked periodically, typically 

as early as 12-15 days after immunization. IgM is still administering booster 

detectable 30-40 days after »iz^n.A that time gj^ * blood sample is generally drawn and 

umu, ai mc c«un« , injection, but other modes of administration, such as 

DETAILED DESCRIPTION OF THE intramuscular injection may be used. The vaccination 

INVENTION sitc ^ preferably the side of the neck, typically injecting 

Producing Immune Antibodies three to four different locations. Vaccination on the 

neck is considered to yield higher antibody titers, but 
In accordance with the present invention, the non- vaccination sites as are known to those skilled in 

human immune antibody is obtained by H™™"« " 30 the art are suitable for raising the desired immune anti- 
animal with viral material against which it is desired to 30 wc SU1MIW & 

^ %9 ^S^?^m^m^ Once the desired antibody titer is measured, blood 

niring agents*** may be known to those skilled in the art ing or sacnficing the animal and collecting ite blood 
are also useful 35 When raisin S X S M antibody, to insure sufficient high 

The immunization procedure begins with a first vac- antibody titer for use as a positive control, it is preferred 
cination of the animal with a preparation comprising to sacrifice the animal and harvest its blood for separa- 
10-500 ug of viral lysate or selected portions of the viral tion of serum when the pig serum tested shows an OU 
core or envelope proteins. The viral material is prefera- value which is within the range of a positive control, 
bly soiubilized in Triton X-100, SDS (sodium dodecyl 40 when tested in different test systems. However, it is 
sulfate), mercaptoethanol, and/or Nonidet P40 deter- preferable to harvest all the pig blood when the pig 
gent, and suspended in phosphate buffered saline (PBS), serum shows maximum OD value for the particular 
pH 7.2-7.4. It is presently preferred to premix 0.1-5% c ias S of immunoglobulins (IgM or IgG) when the other 
Triton X-100 with the PBS to elicit an optimum im- c f immunoglobulins is below the cut-off point, 

mune response. The first injection contains an adjuvant; 45 ^hc collected blood or serum extracted therefrom is 
Freund's complete adjuvant is preferred for this pur- treated before use to inactivate any live virus. It is pres- 
pose. Of course, other adjuvants known to those skilled rat j v p re f er red to photochemically treat the blood or 
in the art may also be used. The first vaccination typi- scrum with Psoralen followed by U.V. irradiation, 
cally comprises a total volume of 2 ml, one ml of viral other methods such as gamma irradiation or heat inacti- 
material in buffer plus one ml of adjuvant. The viral 50 yation ^ 56 . c for one hour j ^ be used. It should 
material and adjuvant should be thoroughly mixed im- ^ un( | ersto0( j f however, that heat inactivation may 
mediately prior to injection. In a preferred embodiment, adversely affect antibody titer and may not be as effec- 
the first vaccination contains 50-100 micrograms of ^ b inactivating virus as the other methods, 
viral material in 1 .0 ml of PBS-Triton X-100 mixed with ft ^ esently preferred to use serum from the irnmu- 
1.0 ml of Freund's complete adjuvant 55 ^ d ^ ft . tivc ^ m ^ y system . 

Booster immunizations are generally prepared with- H h fc blood lasma or any ot her form of 

out ad uvant. These injections typically contain 0-500 "J ' ^ ^ £ to those skilled in the art is 
Ug ° f ^SlrA 2 £f£ it is Presently preferred to fdter 

affile 60 and sterile ^ bl^ ^ 

injections begin from about 7 to 30 days after the initial Jr later ^^^^ KcTor U»SL 
vaccination and every 7 to 30 days thereafter until the dried or fractionated to ennch the IgG or IgM trac 
desired antibody titer is measured, i.e., a sufficiently turns. ^.a-j „ an k- u **a t« 

high titer is indicated by an OD value at least equal to The previously described method can be used ta 
XLcontrol^ 65 produce ™>*»$J^ 

example, in the ElectraNucleonics (VIRGO) HIV-l HIV-l. HIV-2, HTLV-I, ^ y f.^SS!S 
Antibody ELISA system an HIV-l positive control Epstein-Barr virus, and hepatitis B virus. It s alsocon- 
serum has an OD value of over 0.250 and under 1.000 sidered within the scope of the invention to produce 
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antibodies against a ^^^^ 

the present invention. 3 
EXAMPLE 1 
Porcine tamunelgG Against HIV-1 

with 50 ug of solubilued HIV-i anug j pBS . Tr iton 
ZSl" 8^fcK3tt£j£ adjuvant- Just 
X-100 and 1 ml « f ffwasdrawn from an ear vein and 

tcred ,4 days afte A e IW » o 5 



in an assay for detecting » 
"^ following test results were obtained: 



•«■ utV-1 were measured at 
IgM antibodies specific to HIV i 

Bister #3 and were found^> te* by day ^ 
(O D=0.113). Thus, IgM was kio ^ mcaS urcd 

lysa- roo Yh e booster wa* — «* ^ffifi IbUgG Tkit from BecwN«*J» 

1. Prior to each booster, ear Boo$wr #2> 

drawn (and designated i****^ * measur ed. 25 

HIV-l was measured "ingi i subst ituting affin- 



EXAMPLE 3 



labelled with f ^«^ 0 %e U-IgO conjugate 
biochem, Ca^og #401W) »r " nftte ta blets, P re- 
nonnally ^ /-^JS Snufacturer's instruc- 

pared in ^^^^^.J^^^^ 
tions, were used as the * u °" ra f ffl Bio _ Ra d, Catalog 
phate tablets are *"**£™Z? mA washing proce- 
Jl7W063). The ^bation^imes an ^ e 
dure were perform^ as d^tca ^ ^ the w 
insert. The results of the IgM > «■» a 650 nm 

Behring ELBA processor U at « nm 



SnX-l<X,in 1 n^of PBSan J^S^r]*«- 
vant. No booster motions were aa 12 ^ 

blood samples were ^awn pnor^o vacc.^ ^ 

and 17 days ^J^^Sni : serum was sepa- 
35 day 17 and its Wood coUert rf^n ^ th 

rated, filter IgM specific tuu- 

S^giwasbelow^ec^e - ^ ^ measurcd 
F0 r pulses f of . ^ f ^ram DuPont. The anti- 
using ■^ I 22SD-*to.ft 



dure were pcHu»u»^. - - ^ were reaa on u« *j i ^ v , Ab tC st kit from wurum. - 

insert. The results of "J? ^ with a 650 nm using » ^^^JJoat Test Kit is alkaline ^phos- 

Behring ELISA Processor II at w nm on conjugate m the . h ^ test fat). IgM 

SScL^nO-^JSSOT^S-rf 1 " 0 P^^S^l^SficiSm of the HTLV-I 
FIG 1 which is a graph plotting the uu va. v measured using a «^*"i Ig0 conjugate was 

K^TEfi^ by the OD ' ffittSi-* were obtained: 

Based on the "^^Jf^S contained an anti- 
value at Booster #3. the pig ^ cUss positive n 

EXAMPLE 2 
Producing IgO Specific Anti-HIV-1 
A 60Ibm«edYorV^^ 

antigen lysate. Five booster "U? 0 "™^. „ fourteen » 

Xof^allysate jJJjgrEKS* »-f 
days, beginning 14 days after we * ^ ft 

J^es were draw. ^ JjWJJ ibody levels, and 
fust vaccination to obum baseu ^ ^ p)g 




EXAMPLE* 
Procine Immune Against HIV-1 

UB ° f f?-y?VWM5J Sas purified by^crose 
immunizations were requir 



was separated, sterile nwen» c ^jny. 
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day 15. The blood samples collected were tested for 
IgC specific anti-HlV-1 proteins using an HIV-1 Anti- 
body ELISA available from ElectroNucleoaics (ENI). 
The blood samples were also tested for the presence of 
IgM using a modified ENI test kit. The modification 5 
comprised substituting affinity purified goat anti-human 
IgM, \i chain specific, labelled with horseradish peroxi- 
dase (available from Calbiochem, Catalog #401905) for 
the anti-IgG conjugate normally used. The substrate ^ 
supplied with the ENI kit was used in accordance with 
the manufacturer's instructions. The incubation times 
and washing procedure were performed as directed in 
the ENI package insert. The results were read on a 
Behring ELISA processor at 492 nm with a 650 nm 15 
reference. 
The results were as follows: 



Optical Density* 



IgG 



IgM 



20 



0,042 
0.051 
0.053 



0.085 
0.623 
0.796 



Baseline 
Day 13 
Day 15 

(after sacrifice) 

•The cut-ofT value *a*OD 0.IM; the IgG positive control value wai OD 0.921. 



The results show that the collected blood had a high 
IgM antibody titer but was not contaminated by IgG 
specific anti-HIV-1, and therefore is useful as a positive ^ 
control in an assay for detecting IgM specific anti-HIV- 

In producing porcine immune IgM specific antibody, 
it has been found that an antibody titer within the opti- 
mum range is obtainable within 14-40 days. It is pres- 35 
ently believed that initial vaccination, without subse- 
quent booster injections, is sufficient to obtain the de- 
sired result. However, it should be understood that one 
or more boosters may be required depending on the 
animal immunized. The need for any such boosters can ^ 
be determined by carefully monitoring levels of both 
IgM and IgG. Such monitoring is also necessary to 
insure obtaining blood containing sufficiently high lev- 
els of IgM but undetectable levels of IgG. 

While preferred embodiments of the invention have 45 
been described, it will be apparent to those of ordinary 
skill in the art that various changes and modifications 
may be made therein without departing from the spirit 
and scope of the invention. Accordingly, the above 
description should be construed as illustrative, and not 50 
in a limiting sense, the scope of the invention being 
defined by the following claims. 

I claim: 



1. In an assay for detecting the presence or absence of 
a human antibody which binds to an antigen of a virus 
or a bacteria, comprising the steps of: 

(a) contacting a sample of the antigen with a test 
sample of human biological fluid for times and 
under conditions sufficient for the antigen and any 
antibody present in the human biological fluid to 
form antigen-antibody complexes; 

(b) at the same time contacting another sample of the 
antigen with a positive control comprising a pro- 
cine antibody to the antigen under the same times 
and conditions as in step (a), said times and condi- 
tions being sufficient for the antigen and the non- 
human antibody in the positive control to form 
antigen-antibody complexes; and 

(c) detecting the formation of any antigen-antibody 
complexes in steps (a) and (b) by simultaneously 
contacting an anti-human antibody with any anti- 
gen-antibody complex as formed, for times and 
under conditions sufficient for any antigen-anti- 
body complexes formed in step (a) and step (b) to 
react with the anti-human antibody. 

2. The assay of claim 1, wherein the non-human im- 
mune antibody comprises IgG, IgM or mixtures 
thereof. 

3. The assay of claim 1, wherein the non-human im- 
mune antibody is an antibody to a human retrovirus 
indicative of acquired immune deficiency syndrome 
(AIDS) or AIDS related complex (ARC). 

4. The assay of claim 3, wherein the non-human im- 
mune antibody comprises IgG, IgM or mixtures 
thereof. 

5. The assay of claim 4, wherein the non-human im- 
mune antibody is a procine immune antibody. 

6. The assay of claim 1, wherein the non-human im- 
mune antibody is an antibody to IJTLV-I. 

7. The assay of claim 6, wherein the non-human im- 
mune antibody is a porcine immune antibody. 

8. The assay of claim 6, wherein the non-human im- 
mune antibody comprises IgG, IgM or mixtures 
thereof. 

9. The assay of claim 1, wherein the non-human im- 
mune antibody is an antibody to cytomegalovirus 
(CMV). . 

10. The assay of claim 9, wherein the non-human 
immune antibody is a porcine immune antibody. 

11. The assay of claim 9, wherein the non-human 
immune antibody comprises IgG, IgM or mixtures 

thereof. , 

12. The assay of claim 1, wherein the virus is selected 
from the group consisting of HIV-1, HIV-2, HTLV-I, 
HTLV-II, cytomegalovirus, and Epstein Barr virus. 

t ^ * * 
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ABSTRACT 



An improved assay method for detecting the presence 
of an antibody capable of binding with an antigen of a 
virus is provided. The improvement comprises using a 
non-human immune antibody which is reactive with an 
anti-human antibody as a positive control in the assay. 
Non-human immune IgM and a method of producing 
the IgM is also provided. 

12 Claims, 1 Drawing Sheet 
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and the protem-estradiol complex, being a large mole- 

„ _ „ ATffDUT c vnn tiFTECTION cule, sediments with a characteristic velocity. A radio- 

ME1HODS AND *^AJ^ R DETECTION cule, ^ ^ ^ ^ ^ 

OF EsTROPHUaw Jensen . et ^ ^ j Steroid Biochem., 7, 911-917 

The invention described herein w* made in the , Sc^^ 

course of work ^»2;'-£ ra *» ^ 2S 3X£ H 55-77 <W ™* 

partment of Health, Education and Welfare. procedure is carried out in the presence and in the ab- 

BACKGROUND sence of an inhibitor of the desired specific binding in 

the chromatin and jn some way enhances Ae ability of JJ^gjKJ ^ evidence for tne presence of 

tion of supportive estrogen will, result in regression of Sg^^^^jR^JTS: Arch! 
tissue growth and cell proliferation. As one example of FEBS j£^ l 1 2SbV gJE 56 Suppt, 547-569 
this dependence, bilateral adrenalectomy can effect ^^.^^ fore no been provided with 
striking remission of advanced J5 Z^^T^SX^^Lto^U. 

menopausal women and similar remissions are observed 35 f^ 1 "™", oreDarcd m quantity, and effec 
after hypophysectomy. Estrogen deprivation by surgi- J^J^*SSl5SS estrophiUn-nspeciaUy 

py-indicating that breast cancer tissue is not always of rabbits. ^J™^ ° a J t !^7^ he pro teinaceous 

treatment of human breast cancer to be able to ascertain in particular, 
whether excised tumor tissue of a breast cancer patient BRIEF SUMMARY 

is comprised predominantly of estrogen dependent cell A ^ r ^ in - to nresent mvenUon there is provided 
types. On the basis of snch information, a reasonable ^^^nK^ 
ablation response prediction may be made. Surgicial JO ^^^^XSiSSS. immunoglobu- 
removal of estrogen producing glands for the purpose "^J***"^ ^KSimmunited with 
of estrogen deprivation may be restricted to those pa- ^TS^nSS^SiSm^tx^coat. 
^mortm^tobeWprfbyliiei-oc^^ £SmS1tSS5 to been demonstrated to 
atively. other breast cancer pattents can be spared the P^^^^^'S^yfive criteria: (1) pre- 
tmumaofessentiallyuselesssurgeryandniaybeplac^ 55 °?g£2£™^JJ^^ 
immediately into alternative therapeutic programs such dpuation^ of JJJJJ^Scta antibody (against the 
as radiation or chemotherapy. , aaaraon 01 n ^"* u * immunized animal) to a mixture 

Heretofore, thepresanc.ofestrogendependentt^ue ^^^^^^^5^ Sta- 
in mammary tumor samples has principally been deter- . of the tntiated ^^J^^f^ e estradiol-receptor 
minTbTiantitative detection of estrophUin in the 60 

sample through radiochemical assay. According to one complex b * *^™3 f 0 £^^ 

such procedure developed by the inventors and the|r ^^^^iZ^ZubyStaphylo- 

co-workers, radioactive (eg., tntiated) estradiol is P 1 ^ 1 ^*^™^?^^ 

STded tc Tme cytosol-or supernatant .^on-cf a ^/^'P™^ 
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^ ^.^Hini/estronWlin Ie was prepared by immunizing a female goat with 

T* purifed ■JSVSZ^JSSS^SS^ paS P rabbit immUglobulin (12.5 ; mg for primary 

complex employed for immunization a ^ r ^ ,f " " infection: 5-12 mg for booster injections) in a manner 

^invention is obtained ^SSS^Sl 2Kd2 Scribed for immunization of rabbits 

cipitation, gel filtration, and 5 wUh E*R except that the emulsion containing the anti- 

■A^m^^J^^ff^SSX- gen was injec?ed spontaneously. Unless otherwise 

novel immunochcnucal procedure ior 4™' w "*" * © • „wnfcatA buffers were prepared from sodium 

tection of estrophilin in small ^^^^ ^ffgS£S^0M% Mdium 
men. notably breast cancer t™™- *"° U §™ S; Phospha Uuffered saline contained 150 mM 

above-mentioned J-J, 10 ^ffi in 10 mM phosphate. P H 7.8. Buffers 
cally. according to procedures oi ^tne ^vem Tris m pH 7.4 at 23' sometimes containing po- 

''l^^^ 1 ^^^^^^ S-SlSdeV) and disodinm EDTA aredes- 
preparation of body tissue sucn i as d . ^ to the millimolarity of their corapo- 

rySSSeSrfS ^T^^lOmMTris/^mMKa/l, 
Sjected to chemical, physical or radio ogpil exam. r 15 m M EDTA. 
nation capable of quantifying the cstrophilm in the :sam- EXAMPLE 1 

K^ff ^ration of Purified Est^iol-Receptor. Complex 

cstradiol/estrophUin complex, followed by. contact (E R) • 

with an antibody supporting or containing reagent. The zo The estra di 0 i. reC e p tor protein in the form of an es- 
auantity of estrophilin in the sample is determined by tradiol-receptor complex which is capable of inducing 
analysis of the imraunologically-bound complex of es- forn)ation Q f an antibody having a specific reactivity 
tradiol/estrophilin/anti-estrophirm through scintdlatton wkh thc estradiol-receptor protein in an immunological 
counting or the like. According to another procedure. reaction was prepared according to a modification or 
immunologically inert, but chemically or radiological y 25 ^ method Qf Gorell> et ^ "Purification of Nuclear 
marked, particles have surface portions sensitized with Est en Receptors" in Proceedings of the Fifth Interna- 
ls antibody preparation and are contacted wrth tte tional Congress of Endocrinology. (Excerpta Medica 
tissue sample, with estrophilin quantified on the basis of Foundatiohf Amsterdam) Vol. 1. pp. 467-472 (1977). 
agglutination phenomena. Agglutination phenomena ot ^ otherwise notedi M procedures were earned out 

sensitized particles in contact with an J^^S* 30 «t <r-T C -~ „ 

taining specimen may also be monitored by other tech- A ^ hom0 g enate m Tio buffer was centrt- 

niques (e.g., turbidometric techniques). Immunonisto- ^ ^ , 0>OOOX g to separate the cytosol from crude 

chemical procedures involving fluorescent or perow- sedtaent The cy tosol was treated with 30 nM 

dase coupled anti-estrophilin preparations are also made E , (J ? a ^ One-fifth of the sediment was washed 
available by the invention. ■ 3 successively with K400T10, pH 7.9. and Tio,pH 7.5. and 

Reagents prepared according to the invention include resuspended in the cytosol. After incubation of the 

immunologically inert particles, surface portions^ of d m|xture at iy c for m minvAeSi the nuclear 

which are sensitized with specific antibody preparations sediment was collected by centrifugation, washed with 
of the invention. . nl f .„ buffer and extracted with K400T16 buffer. The ex- 

Further aspects and advantages of the invention wfll 40 «• f • tor comp i ex was precipitated with ammo- 
become apparent to those skilled in the art upon consul- 6U i fate (30% of saturation) and redissolved in 
. eratiori of the following detailed desenptton ot pres- ^amTu, pH 7.5, (0.1 volume of the original extract) by 
ently preferred embodimenU. thereof. • 

gentle homogenization followed by stirring for zo mi- 
DETAILED DESCRIPTION " - ■ . 4 5 nutes. After clarification by ce^ugfion at 98 £O0Xg . 
r c r for 60 intimites, the solution was subjected to gel filtra- 

The following description includes use of «atara Sep hadex G-200 (Regular grade, Pharmacia) m 

abbreviations: "E*** shall mean tntiated estradiol R K400T25 buffer. The estrogen receptor complex (deter- 
shall.mean estrophilin; "E*R" or "E'R f ™f'f* ^ by radioactivity assay) separated from the bulk of 

designate the radioactive complex of estradiol and a- ™ rottiDa(det< ^ m ed by optical density at.280 nm) 
. trophilin; "Ig-i" shall designate the unmunoglobm toe- 50 JJgjV,^ m ^ void volume . The pooled receptor- 
tion obtained from serum of an animal. conSning fractions were concentrated first by ultrafil- 

. E'R; and "Ig-n" shall designate, immunoglobm from ^^^ XM . 50membran e(Amicon) and further by 
, serum of a noniramuhized animal. _ , e ,„ts«P salt precipitation with ammonium sulfate (30% of satu- 
The reagents employed in certononhe.Uustrat.ve ^5°'^ tor ^plex was redissolved m 
examples include the S, pH 7.5, and subjected to polyacryamide gel 

(57 Ci/mmol) and [2,4,6,7- 3 H]estradiol-n^(108QM- QJ i cal6aem diameter. 5% or 

mol) were obtained from New England Nucle^ Co. ^phwes« ^ ^ pared , » 
and, unless otherwise noted, E* represents uic ©./ '7° J » ^ electrophoresis is earned 

tntiated hormone. Tubercle bacilli and Freund^ com- - Tr«,HCl buffer^H^.^ l £ ^ ^ 

plete and incomplete adjuvants were p^hased from 60 out witj _» ^ H F 8 3f or Tris-borate. pH 

Difco.bordetellapertussisvaccinefromEh^ fiSSSjEP* 

and Staphylococcus aureus protein-A bound to Se ^ led . ^ sUces wit h 10 nM sodium 

pharose CL-4B from Pharmacia. Immunoglobulin ^ from exacting me poo b ^d combin- 

; hhmunized and nonimmunized rabbits ^ M -^^tS£^ilA ^ radioactivity 
cyanogen bromid<Hictivated Sepharose 4B by the pro- 65 mg tfie ™™™ J« R«0.60 ior. 5% gels). The 
..I^ure^fCuatre^et^ 
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The product has an isoelectric point of about 6.0, ous injection of 100 ng (20,8 uCi) of E» in 02 ml of 
shows a single stained protein band on acrylamide gel saline. 

electrophoresis, and analytical ultracentrifugation indi- EXAMPLE 4 

umn indicates a Stokes radius of 36.5, corresponding to For double antibody precipitation of the crude es- 
a molecular weight of about 66,000 daltons, tradiol-receptor complexes, a solution, of E*R (1.0 

rrvAumi T7 o pmol), normal rabbit serum (10 /tl), arid immunized 

EXAMPLE 2 £ abbit (10 Ml) in j q . M of phosphate-buflered 

Preparation of Antibodies for Estradiol Receptor W saline containing 10 mM EDTA was incubated at 4* for 

Protein four houis, after which sufficient goat antiserum against 

988-991 U9/ij. ror ^ inc pi y immunoadsorption experiments, a solution of 0.8 

S "co^1S«v«BtSdM additional 5 mg of Sepharose-Ig-n (containing 300 W of Protem) or of 

pertussis vaccine without added anUgenwas injectedm 75 J" 1 ™ , (of with n0 immu „oelobulin) 

the thigh. Six t^^E^^bnSSE ™d *eS for four hours longer with an agitated suspen- 
riod of one year with an emulsion ^of the ininiunogen a o sephmsftiWiteiihA. in a final volumeof 

rabbit A crude , immunoglobulin fraction (Ig-0 was tion mixture, 
prepared from the serum by precipitation with 33% EXAMPLE 5 

saturated ammonium sulfate in 50 mM phosphate Sedimentotion Studies 

P H 7.4, according to the procure of Shiu,etal., Bio- as ^ 
chem J 157, pp. 619-625 (1976). The washed precipl- Various hormone-receptor complexes (0.05-2 pmol 
trtewJredissolved in phosphate-buffered saline (or in m 150 ,d Of T w cytosol or Tvfaas nuclear extract)and 
some experiments* 20 mM phosphate, pH 7.4) and the ig-i or Ign-n (usually 200 ug) were mcubated 1 at 4_for 
dialyzed solution, after clarification by centrifugauon, 1-5 hours m a final volume of 220 ^Ti^ TwKw 
was analyzed for protein by its absorbance at 280 nm 40 de p en ding on.the gradient to be used. A 200-,U uhquot 
.mdfortheiAs^ofomer senunprotdnsbyacryla- of each mixture was layered I on 3.5 ml of a ■■ 
mide gel electrophoresis; Immuhoglobulin (Ig-n), pre- sucrose gradient containing other Ti^^"^^ 
pared similarly from serum of nonimmunized animals or T 10 K«oEi. 5 (high salt) and cenmfuged at 2 for 16 
fas well as from the immunized animals before any anti- ^ hours at 253,O00Xg. Successive 100-jil fractions were 
body S S^d)TaS as a control. . « collected from the bottom and radioactovrty was mea- 

: y pp • gored in Triton X-100 scintillation mixture In some 

EXAMPLE 3 studies bovine plasma albumin (4.6 S), bovine, gamma 

Preparation of Hormone-Receptor Complexes globulin (7.0 S), ^amylase (9.2 S), ^ 

„ . „■ "1 ' were sedimented in parallel gradients to serve as mark- 
Estradiol-receptor complexes of uterine cytosols 50 were seouuemeu ^ 
from immature calves, rats, mice, and guinea pigs were > 
prepared by homogenizing the tissues in four volumes EXAMPLE 6 

ofTiobuffer.usingaPolytronPT-lOhomogenizerwifli Q e l Filtration Studies. 

the excess E* was removed with dextran-coated char- um-stabilized form of the cytosol estrogen receptor 

Sal Homp ™™\TeSt cancer cytosol was complex obtain^ b> ' J«— £ 3E"l 5 

. prepared similarly except that the tumor specimen, T,oE w and incubating the c ^lf ration wt mi m 

Erfied while frozen in liquid nitrogen, was homoge- KC1 and 4 mM CaCh, with or without 20 nM E , for 60 

'firifa T^SS a! I dSlthreitol. and te 60 minutes at 4' C. After precipitaUon — 

^SiffSZ* 0.5 nM in B* (108 CVmmol) ^^S^^J^^wSS 

without the use of charcoaL Crude nuclear complex of. receptor complex (E^R) was fjl^^l 

calf uterus was prepared by extraction of washed nu- clarified by centnfugation at 250,OTXg ggjfjj* 

dear sSient with T10K400 after its incubation for 60 ^i* ■^HSStSlh^ fcf « 

minutes at 25* with 20 nM E* in calf uterine cytosol. 65 pmol) and Ig-n or Ig-1 (1.0 £0 were " c ^ at " ' or °" 

nuclear complex was obtained by similar extraction minutes at 4* C and then ^ered Jh ~«8h Sephadex 

Ae nSeS Sh. a homogenate in T W of G-200 «,lumns (0.9X5 L^^X^jSter 

°mma*ureVat uteri excised 4 hours after the subcutane- Fractions (0.3 ml) were collected and either assayed for 
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radioactivity or (to the case of materials derived from 
SS not incubated with E*) treated with 
§XEn dextran coated charcoal to remove : an. 
E* The latter procedure resulted m a material then 
Laved for radioactivity. The void volume of the col- 
Swas determined with blue dextran. Bovine serum 
Xni^d^bbit immunoglobulin were employed as 

^^ults of the above-described immunochemical, 
seJmemtion and gel filtration studies <^"*f 
that immunoglobulin from the serum of a rabbit immu- 
rSed with purified estrogen ■ 

uterine nuclei contains specific antibodies to the estro- 
pSlin raptor protein. As shown in the ac«)m P anying 
S She presence of Ig-i, but not of 
cant amount of tritiated estradiol m the ^™ of E R 
c^iplex is precipitated by antiserum to rabbit gatnma 
Sin or bound to Staphylococcus frempnmn^a 
substance that reacts specifically with J^^^f^' oft 
body. Similarly, Ig-i linked to Sepharos ^bindsamuch 20 
greater proportion of tritiated estradiol/estrophdm(E R) 
complex than does Sepharose-Ig-n or Sepharose alone. 

TABLE 1 . 



15 



Interaction of rabbit Ig with 
E*R ™™pte*« of calf uterus _ 

%B* 

precipitated or boontL 



Method 



Form of 
Estradiol 



Ig-i Ig-n WolO 



Double antibody 
precipitation 

Binding to 
Sepharose-Ig 
Binding to Sepharose- 
Protein-A ^ 



E*R nuclear 
E*R cytosol 
E* 

E*R nuclear 
E* 

E*R nuclear 
E« 



61 
56 
2 

66 
6 

70 
3 



10 
3 
2 
21 
15 
17 
5 



17 
7 

30 
3 



From sedimentation studies, it was found that addt- 
tion of Ig-i, but not of Ig-n, ^^ nC i^ R 1 ^ l j£ 
sedimentation velocity of the purified 4.8 S E»R Com- 
dex used as the antigen in the immunization. • 
P ^mentadon patterns reveal that the above- .40 
described antibody preparation derived ^o^^™ 
estrophilin from calf uterus is cross reactive with es^ 
genreceptorc^^^^ 



lin bv Staphylococcus aureus protein- A linked to a polymer 
support, e*. Sepharose: (4) the ability of the immuno- 
dubulin to increase the sedimentation rate of the es- 
Sadiol-receptor complex; and (5) the ability of the im- 
5 munoglobulin to modify eiunon characteristics of estro- 
nhilin on gel filtration. The antibodies cross-react with 
the nuclear receptor of calf, rabbit, sheep and rat uterus, 
as well as with the extranuclear receptor of calf, rat, 
mouse, guinea pig, sheep, and rabbit uterus. Cro^reac- 
10 tivity is also observed with nuclear receptor of MCN 
(human breast cell) and rat endometrial tumors as well 
as with extranuclear receptor of rat breast, human 
breast, MCF-7 breast, rat endometrial, and rat pituitary 

tU The antibodies do not react with either the nuclear or 
extranuclear dihydrotestosterone-receptor complexes 
of rat prostate or with the extrauclear progesferone- 
receptor complex of chick oviduct, rabbit uterus and rat 

endometrial tumor. 

The cross-reactivity of the anti^estrophilin (Ig-i) with 
estrophilin from human breast cancer makes possible 
the use of simple immunoassays including radioimmu- 
noassays for the estradiol-receptor protein content of 
breast cancer tissue as a guide to endocrine therapy. 

The reaction of anti-estrophilin prepared according 
to the invention with uncomplexed receptor (R) is indi- 
cated by the ability of R to compete with E*R for a 
limiting amount of antibody. This type of analysis re- 
vealed that, whether complexed with estradiol or not, 
calcium-stabilized estrophilin from calf uterine cytosol 
shows essentially identical competition with radioactive 
cytosol receptor complex for .the antibody, although 
somewhat less than that shown by receptor from rat 
endometrial tumor. On the basis of this finding, a simple 
immunoassay for estrophilin in extracts of tissue homo- 
grates is avaUable-Umited only by the rel^vdylow 
radioactivity of the tritiated estradiol marker. Some 
increase in sensitivity may be gained through use of 
hexatritiated estradiol and, of course, radlodinated i re- 
ceptor and/or antibody would be most useful m such an 

—Scording to the invention novel immunological 
reagents are provided when the immunoglobulin frac- 
& - . /« : 1 ; mm .mi7AH with minfiea 



25 



30 



35 



ever the failure of the anti-estrophilin preparations to « _ — uns « ^«h;„i mmnl^ is emDloved, with or with- 



tion OI scrum vi cui — — , . - . - 

estrophilin estradiol complex is employed, withorwith- 
out prior treatment to remove non-speafic antibodies in 
the immunoglobulin, to sensitize immunologically inert 
particulate materials such as stabilized erythrocytes 

*T j tr. tVio nrnrwlnres of U.S. rat. 



ever, tne laiiurc 01 ub _/ «■„,. 

react with the dihydrotestosterone-receptor of rat pros- 
tate or the progesterone receptor of cluck oviduct, 

shows a specificity of the antibody for estropmun pro- puaaiaiw „ — .- . . 

tein. T <n fee. prepared according to the procedures o VS. Fat 

Gel filtration studies verified that Ig-t but not Ig-n 50 ^f <7 f 4 , 3 45; 3,715.427; andVor 3,924,541). bentome, 
reacts with both the E*R and R forms of estrogen re- _ 1I/wl ,„ m OTVS talline cholesterol, quartz, synthetic 
ceptors as demonstrated by a shift of elution to the void 
volume on the column (Sephadex G-200). For the un- 



collodium, crystalline cholesterol quartz, synthetic 
resins, various kinds of synthetic latex (see. e.g., U.b. 
vomme on i» v-i— - ■ -- - . . . Pat . No. 3.551,555). or liposomes prepared from phos- 

oomplexcd receptor, the eluted R/IG-i complex could sterols including radioactive matenal- 

be labelled with E» to form E»/R/Ig-i, demonstrating 55 of free radiad^ontaining liposomes. Such 

* " """" sensitized particles are useful when employed in direct 

agglutination assays wherein estrophilin or estrophilin 
rSoisotopic estradiol co^m.^^^ 



that the complexing of the estradiol hormone wth the 
receptor does not block the binding site of estrophilin. 

In sum. immunoglobulin obtained from the serum of umiIU v . 

rabbits immunized with a highly purified PreparaUon of effect agglutination of the particle* 

E»R complex from calf uterine nuclei ^°v«tocon- 60 bewuo rf ^ by standard 

tain specific antibodies to estropbihn by five cntena. (l) techniques. Alternatively, when 

prec&on of the radioactive steroid upon addition of JJJJJJ^ - m employed to sensitize radioactive 
goat antibody against rabbit immunoglobulin to am*- ^ ^di^ntaining particles, estrophilin 

fure of the tritiated estradiol-receptor complex and tiie. ^*™Zfll^™*m& homogenizate may be deter- 
immunoglobulin, <2) adsorption of &e ^ol-«cep- 65 ~^\° f 8 S uch P particlei Tto the sample, with- 
torcompSexby theimmunogl^^^ o^m^cS aggluunated by ^esUophUin ^ 

"counting" the particles as aggregated. Further, tech- 



X^Xh^radsoVon^ 
Sor complex in the presence of the unmunoglubu- 
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niaucs using radiochemically-labelled, or enzyme- 
linked, or otherwise detectable anti-estrophilin may 
provide the basis for estrophilin assays that do noti de- 
tect the complex formed by binding with estradiol (E*). 
Substantial advantages are expected to accompany 
procedures which are independent of the reversible 
binding of estrophilin in the sample to radioactive estra- 
diol. In particular, such procedures shou d be able to 
. detect the amount of free estrophilin as well as estrophi- 
lin already associated with non-radioactive, endogen- 
ous estradiol. . 

In one such further application, anti-estrophrim pro- 
vides the basis for a specific immunohistochenucal pro- 
cedure for the detection and quantification of estrogen 



Furthermore, since tumor components or their partial 
degradation components are often released into the 
blood, an assay for immunoreactive fragments of estro- 
philin in the sera of patients with (or suspected of hav- 
5 ing) an estrophiUn-containing cancer could provide a 
means for early diagnosis of metastatic disease. 

Consequently, only such limitations as appear in the 
appended claims should be placed upon the invention as 
above described. 
10 What is claimed is: / . 

1 A specific, immunologically active anu-cstrophilin 
antibody obtained as a serum immunoglobulin .compo- 
nent from an animal immunized with estrophilin, and 
characterized by its donation to the immunoglobulin of 



and, after washing with buffer, incubated either with 
fluorescent-labelled second antibody (to the immuno- 
globulin) or with peroxidase-antiperoxidase-complexed 
second antibody. After further washing, the sections are 20 
examined for the presence of estrophilin by fluorescent 
microscopy, or after peroxidase staining, by light mi- 
croscopy. This technique allows the detection of estro- 
philin in tissue sections carried out in the same surgtcial 
pahological laboratory where the cancer diagnosis is 25 

made. r , . 

Numerous modifications and variations of the inven- 
tion are expected to occur to those skilled in the art 
upon consideration of the foregoing detailed 1 descnp- 
tion. While the above-described preferred embodiment 30 
of procedures for preparing and isolating anti-estrophi- 
lin represents the best mode presently available for 
effecting isolation of the antibody substances^ their 
purest form, other techniques are certainly within the 
contemplation of the invention. As one example, lymph 35 
node cells from rabbits immunized with the purified 
E*R complex may be fused with mouse myeloma cells 
in the presence of polyethylene glycol, generally ac- 
cording to the technique of Milstein [Kohler and Mil- 



ture of estrophilin and said immunoglobulin uppn 
addition of heterologous species antibodies to the 
immunoglobulin of the serum donor species; 

(2) the ability to mediate rapid absorption of estrophi- 
lin from a fluid by support polymer when said 
immunoglobulin is linked to the support polymer; 

(3) the ability of said immunoglobulin to mediate 
absorption of estrophilin from a fluid by & aureus 
protein-A linked to a support polymer; • 

(4) the ability of said immunoglobulin to increase the 
sedimentation rate of estrophilin; and, 

(5) the ability of said immunoglobulin to modify elu- 
tioh characteristics of estrophilin on gel filtration. 

X An immunological reagent comprising the anti- 
estrophilin antibody of claim 1 in combination with a 
radiologicaliy detectable marker substance. 

3. The reagent of claim 2 wherein the marker sub- 
stance is tritiated estradiol. 

4 An immunological reagent comprising the anti- 
estrophilin antibody of claim 1 and a plurality of immu- 
nologically inert particles, said substance providing an 
immunologically sensitive surface on said particles. 

5 An immunological assay for estrophilin in a tissue 



cording to the technique of Milstein IKonier -ana mu- contacting said sample 

cells which produce the anti-estrophilin antibody sub- 
stance. The cell line(s) so obtained would be grown m 
suspension culture to provide substantial quantities of 
anti-estrophilin which, when separated from contami- 45 
nating myeloma antibody by immuno-absorption, may 
be employed as noted above in immunoassay techniques 
for quantitative detection of estrophilin in a tissue sam- 

Pl The availability of monospecific anti-estrophilin pro- 50 
vided by the invention is expected to make possible 
further developments is diagnosis of breast cancer and 
other cancer tissues which contain estrophilin. Linkage 
of an isotope, <e.g., Iodine) or other radiologically de- 
tectable moiety to the specific anti-estrophihn would 55 
provide a basis for a new diagnostic scanning technique. 
After administration to a patient having an estrophilin- 
rich primary tumor, such a reagent has the potential to 

concentrate in a metastatic tumor site also containing — — — £ t 

estrophilin, causing metastases to be evident on an ap- 60 estrophilin of human breast^ can ^ 
propriate radiologic body scan. 



with the reagent of claim 4 and quantitatively detecting 
the presence of estrophilin by monitoring agglutination 
behavior of said reagent particles. ■ • 

6 An assay according to claim 5 wherein said tissue 
sample is a human breast cancer tissue sample. 

7 The method for obtaining serum immunoglobin 
containing a specific anti-estrophilin antibody, said 
method comprising the steps of: # . 

preparing a purified complex of radioisotopic estra- 
diol and estrophilin by incubating estrophilm-con- 
taining tissue in the presence of radioisotopic estra- 
diol and isolating the complex from said incubate 
by precipitation, gel filtration and electrophoresis; 
inoculating an immunologically active animal with 

said complex and, . , 

isolating serum immunoglobin from said animal. 
8. Anti-estrophilin antibody raised in tissue of animal 
origin against estrophilin of animal origin, said antibody 
characterized by being immunologically reactive with 
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Timor Inflammatory reaponte Induced by ia-unUation with 
a^ologou, -lanola call, conjugated to ^"^~ l( ^>' 
D. Bard, M.J* H/i.trangelo, C. Green. C. Clark, *nd E. Hart. 
Thoati Jeffaraon Onlvaralty» Philadelphia. PA 19107. 

Treatment of melanoma patlenta with an autologcrae 
vaccine preceded by low doae cyclophoaphamlda (CT) 
Inducea delayed-type hyper aena It Ivlty (DTH) to melanoma 
cell., and In aome ca.ea. regre.alon of tt-ora. 
How, we are attempting to Increaae the efficiency of the 
proceaa by Immunizing with tumor cella conjugated to the 
hapten, DNP. Patlenta with metaatatlc «*i™<»» ul 
sensitized to DHP by topical application of dlnltrochloro- 
benrene (DNCB). Two weeks later, they were Injected with 
a vaccine con.l.tlng of 10-25x10(6) autologous. Irradiated 
melanoma cella conjugated to DNP and mixed with BCC. 
CY 300 mg/M* IV waa given 3 days before DHCB or vaccine. 
Of 4 patlenta evaluable ao far, 3 have developed a atrlklng 
Inflammatory response In tumor maaaea after 2 vaccine 
treatments. (8 weeka). Patient #1 developed erythema and 
•welling In the >50 large (1-3 cm) dermal metaataaea on 
her leg and lower abdomen, followed by ulceration and 
drainage of necrotic material, and aome are beginning to 
regress. Blopay shoved Infiltration with CD4+ and CD8+ 
T lymphocytea. Patient #2 developed erythema and swelling 
In the akin of her lower abdomen and groin overlying large 
(8 cm) nodal masses. These have not yet regreaaed, but 
have changed In consistency from rock-hard to fluctuant. 
Patient #3 exhibited moderate erythema In the akin over- 
lying subcutaneoua metaataaea. All 3 patlenta have 
developed DTH to both DNCB and to DHP-con jugated autologous 
lymphocytes. Although these results are preliminary, they 
auggest that this new strategy may represent a significant 
advance in the Immunotherapy of human melanoma. 
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Inhibition of Tumor-Induced Scpprea^T Lymphocyte IT. J 
Activity by Marine Interferon let* (OT-B). Deepak M. 
Sahaarabudhe, Unlveralty of Rocheater Cancer Center, 
Rochester, NY, 14642 

In some tumor models Inhibition of Ta-acttvlty la a pre- 
requtalte to auccessful Immunotherapy. Baaed on our data 
in the DNFB modal (J Exp Med 166.1573, 1987 the effect 
of IFH-B on P815 maatocytoma- Induced Ta-acttvlty waa 

ftV *irthU model, concomitant antitumor l~»^y <Tc) peak, 
by Day 10 and la down regulated by Ta by Day 15. Cyto- 
toxicity generated after a mixed ly-phocyta tumor culture 
(HLTC) correlatea with In vivo immunity and auppreasion of 
cytotoxicity correlatea with In vivo l*-"'** 1 '** lf 

Tumora were Initiated by Injecting 2 x 10° P815 > cell, 
subcutaneou.ly on Day 1. IFN-B (10U. 1000U. 50000) or 
buffer were Injected l.v. every other day x * Jose, acarr- 
ing on Day 5. On Day 16, HLTC's were set up. Five days 
later a cytotoxicity assay waa performed against 51Cr 
labelled P815 cella. X apeciflc lyala la shown. Numbers 
In parenthesla represent the dose of IFN-B. 
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Treatment with IFN-B 5000U every other day x 6 doaca 
abrogated Ta-activity without adveraeiy affecting 
cytotoxicity. IFN-B may be a useful adjunct In the 
Immunotherapy of selected tumors. 
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Ant i-idio type monoclonal antibody Immunisation tUerapy of t 
cutaoeou* T cell lymphoma. Cba£terjee, M., Foon, K., SeoaJ 
B«K. V Barcoa, M. and Kofcler, H. 9 Rojtvell Park Mem* taat^Sj 
Buffalo. NT 14263. and UCSD, San Diego, CA 92161. 

Cutaneoua T cell, lymphoma (CTCL) la an Indolent ^tjf 
non-Hodgkln'a lymphoma which la not cured by standard *£f| 
theraplea once it reach ea advanced at age. A novel approadft 
to therapy la to uae Internal Image ant 1-ldlo type (Id) mAhtA 
aa antigen (Ag) aubatltute for the Induction of immunity.; <m$ 
We have generated anti-Id aAb (Ab2) binding Co a hybrldom*^ 
SN2 (Abl). which recognizee a unique glycoprotein, gp37\ stj 
expreaaed by a aubaet of human leukemic T cella (J* Immunol^ 
139:1354, 1987). At leaac 2 of theae Ab2 may Indeed carryT* 
the Internal Image of the gp37 Ag (J. Immunol. 141:1398, o£j 
1988). Recently, we investigated the dlatributlon of gp37-V^ 
Ag by a aenaltlve immunoperoxldaae atainlng method ualng mAb 
SN2. SN2 had a high specificity for T-leukemla/lymphoma 
cella and did not react with any normal adult tlaauea tea tad 
including thymus, lymphocytea, bone marrow cella, spleen, 
liver, kidney, lung, brain, heart, etc. CTCL cella f rom &Z4 
out of 6 patlenta were strongly positive for gp37 Ag with 
intense surface membrane staining. The binding of :-ji*eJ| 
radiolabeled SN2 to CTCL cella waa studied for inhibition ^aj 
the. presence of the anti-Id mAbs 4CA2 and 4DC6 which mimic oi 
the gp37 Ag. Both clones inhibited tbe binding 1001 and 80X 
respectively at a concentration -of 50 ng. We also generate* 
a murine Ab3 mAb (antl-antl-Id) by immunizing mice with them 
anti-Id mAb (Ab2). This Ab3 mAb reacta with CTCL cells IngJ 
an identical fashion aa the original Abl (SH2). ■ ■ 

Collectively, these data suggest that Ab2 4EA2 and 4DC6 msjm 
be useful for active Immunotherapy of CTCL patlenta. :V«r'*{4 
plan to study the CTCL patlenta in a phase I clinical trials J 
to determine the effect a of this type of therapy on varloaen 
component a of the Immune ay a tern (both humoral and cellular)" 
and try to identify the criteria to select patients who najr« 
benefit from ant i-idio type vaccine therapy. • r:3 ^J 

' 

W: 

•<£ 
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Syngeneic murine monoclonal antiidiotypes bearing the intenuT^j 
image of a human breast cancer associated antigen. L Schraitz - 
and H. Ozer. The Dept of Microbiology, S.U.N.Y. at Buffalo^ 
Buffalo, NY 14214 and the Division of Medical Oncology, The \Z 
Univ. of North Carolina at Chapel Hill, Chapel Hill, NC 27599. " ' ^ 
According to Jernc's network theorv, some antiidiotypes. ^ 
(Ab2) mimic external antigens recognized by specific antibodies ^ 
(Abl) and may be used in place of antigen for immunization. The , 
murine monoclonal antibody F36/22 (IgG3, *), specific for ductal* . ;. 
carcinoma antigen (DCA) was used to generate syngeneic^ 
monoclonal antiidiotypes bearing the internal image of uCA-^ 
Female BALB/c mice were inoculated intraperitoneally every. ^ 
other week with 100 fig of F36/22 coupled to keyhole limpet^ 
hemocyanin; the first time in complete Freund's adjuvant and. ^ 
subsequently in incomplete adjuvant Splenic lymphocytes were;^ 
fused with the murine ceil line P3X63 Ag8.653 3 days after the 5 
fourth immunization* using 50% polyethylene glycol (r. u - 3 ""r^ <» 
Two hybrids, MTO-l and MTO-2, were selected based on the^ 
ability of culture supematants to bind to F36/22 but not to the \j 
control antibody 2A31F6 (IgG3, «) in an enzyme. linked. n ^ 
immunosorbent assay (EUSA) and cloned by limiting dilution. _ w 
Paratope specificity of Ab2 was demonstrated in two EUSA ti 
assays. First, the binding of labeled F36/22 to DCA was inhibited. . 
100% and 75% by lJb ng of MTO-2 and MTOl respective^., , 
Second, the binding of labeled Ab2 to Abl was inhibited by „ 
purified DCA. MTO-1 neither enhances nor inhibits the binding u 
of labeled MTO-2 to Abl although in the presence of MTO-2,^ 
binding of labeled MTO-1 is enhanced by 100% indicating that^ 
these Ab2 recognize distinct idiotopes. Rabbits immunized bi- 
weekly with MTO-1 or MTO-2 developed antibodies that bound 
specifically to DCA demonstrating that MTO-1 and MTO-2 bear 
the internal image of DCA. These data suggest that MTO-l and 
MTO-2 could potentially be utilized to immunize high ns* 
patients against progression or development of DCA posiuve 
tumors. 
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"'"lymphocyte Transformation in Contact Sensitivity 7 O ) > 

A F Geczy and A. Baumgarten 
&M ofPa^, Mm* *»- *-» W °">- **» 
{Received 3rd March 1969) 

summary . Leucocyte 

Spared from the peripheral blood of ubku * / The , hocyte swere 
'piously sensitized ^\ l ^ZV^yX vitro. Transformed cells (8-22 per 
Sinitrophenylated ^.^^^^^.kc of tritiated thymidine were ob- 
rent) and an increased (100-1000 tola) upw an imals. Smaller numbers 

£ d only in cultures of lymphocytes ^^ n 3 /"few cultures of sensitive 
^ransfo/med cells (1-2 ^throcytes or 

lymphocytes incubated wi h ^Lj^^ that transformation may specifically 
5C ^mphocytes from sensitized donors. 

INTRODUCTION 

u i .hlnro- and l-fluoro-2,4-dinitrobenzene (DNCB 
Halogenateddinitxobenzenessuchas^ ^ hypersensitivity (Bloom 

md DNFB respectively) are commonl Y™*«^ evoked by these substances m 
nd Chase, 1967; Turk, 1967) The dc f^ r j between specifically sensitive ceUs 
ensitized animals may result from an fraction f (Eisen and 

Td oinitrophenylated acellular skin ^ ^ whK* ^ halogenated dinitro - 
Tabachnick, 1958). However, it is ; P o^b le Aat the h S Y ^ lyrnphocytC s and 

benzenes (Eisen, Orris and Belman, ^^taring substances such as the macrophage 
ubsequently initiate the ^^^^^^Tbom 1964; Bloom and Bennett 
nicking factor (David, ^-^^^^ym^. Boughton> g to r and 
1966) and the lymph node permeability ^ctor » transformation m vitro 

hM (1962). Since specific ^e- c an nd Laels, 1963), a method .is 

SX^I^te - DNFB can act directly on 

lymphocytes in vivo. . Mrr ;er-sDecific (Gell and Wolstencroft, 1967) 

•Furthermore, if delayed reactions *r £™^noi dinitrophenylated lymphocytes 
the complete antigen which induce V^J"™^ It seems unlikely that a moiety with 
should contain a moiety supplied by ^ ^J^ri b constituents of the skin, 

an identical molecular configuration can be suppliea y _ _ mduces 

For the same reasons, it seems necessary formcd during the 

ypersensitivity is also derived from ^^^^J^ in this way would 
sensitizing exposure to the chemical An acqu « ^ > d 

2£ an^ (^^ A - — ° f lmn§ ' 

dinitrophenylated lymphocytes. 
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A. F. Geczy and A. Baumgarten 
MATERIALS AND METHODS 



Preparation of DNFB solutions . 

For conjugation with lymphocytes, erythrocytes and serum proteins, a stock solution 
of DNFB (Fluka A. G., Buchs, S. G.) was prepared by dissolving approximately 300 ng 
DNFB per ml in 0-2 m (pH 8-5) phosphate buffer at 60°. The actual concentration of 
DNFB in the buffer was determined spectrophotometrically. 

For conjugation with bovine serum albumin (BSA; Commonwealth Serum Laboratories, 
Melbourne, Vic.) a DNFB solution was prepared in 0-2 m citrate-phosphate-borate 
buffer (Teorell and Stenhagen, 1938) at the appropriate pH. 

Preparation of DNCB solutions . 

For sensitization, a stock solution of DNCB (British Drug Houses, England) in distilled 
water was prepared by dissolving approximately 300 ng DNCB per ml and the concentra- 
tion of DNCB then adjusted to 40 /ig/ml under spectrophotometry control. For testing, a 
stock solution of DNCB was prepared by dissolving a known quantity of DNCB in olive 
oil B P. (N.S.W. Government Stores). The stock solution was diluted as required with a 
1 : 9 mixture of olive oil and petroleum ether (B.P. 60°-80°, A.R. grade, B.D.H.). 

Protein determinations were done according to the method of Lowry, Rosebrough, Fan 
and Randall (1951), using BSA as the standard. 

Sensitization and skin testing 

Outbred albino female guinea-pigs (600-800 g) were sensitized and tested according to 
Baumgarten and Wilhelm (1969). Briefly, the animals were sensitized by multiple in- 
jections of 40 A/g DNCB in the nuchal skin. Eleven to 14 days after sensitization, skin test- 
ing was done by applying 20 (A DNCB solution (0 03, 0-1, 0-3 and 10 per cent) to each ot 
eight randomly distributed sites on the closely shaved dorsal skin of the trunk using 
Hamilton 250 pi syringes (New Jersey, U.S.A.) fitted with blunted 26 G hypodermic 
needles. The solution was spread with a rounded glass rod in the direction of hair growth 
over a 1-5-2 0 cm 2 area. The lesions were examined after 20-24 hours for the presence ol 
erythema; the animals were subsequently given intravenous Evans blue (1-2 ml/kg body 
weight, as a solution containing 25 mg dye per ml of 0-45 per cent saline) to demonstrate 
the development of increased vascular permeability (Voisin and Toullet, 1960). 

Preparation of lymphocytes . 

Blood was usually obtained from guinea-pigs by cardiac puncture, occasionally d\ 
severing the jugular vein. It was placed in sterile bottles (containing 10-15 glass beads 
3-5 mm diameter), defibrinated by gentle shaking for 5-10 minutes and transferred into 
fresh bottles. To each millilitre of blood was added 0-3 ml of 1 per cent methyl cellulose 
(U.S.P. Grade, Dow Chemicals Co.) solution in 0-2 m phosphate buffer, pH 7-2. Alter 
mixing by inversion, the blood was allowed to sediment for 45 minutes at 37°. Th fVP p J r " 
most two-thirds of the top (leucocyte-rich) layer was removed and centrifuged at 400 g W 
5 minutes. The supernatant was then separated and the cells washed twice with Hanks s 
solution (C.S.L., Melbourne, Vic). After further processing as described below, the ceiis 
were suspended in a culture medium (Medium 199; C.S.L., Melbourne, Vic, with 2U-*> 
per cent guinea-pig serum). 
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Hca , k il,d lymphocytes we. ^^^^^^ 
. £ |0< lymphocytes in Hanks s solution minutes in 0 . 5 <;ent solution 

. , he eosin technique, ue by •ncubatmg the :a\ s for 5 10 ^ ^ & 

tosin B (Matheson, Coleman and E ell New J^y, U. > Qn (Hanks and 

,ai of 200-300 eosin-stained and unstained cells irom ^ v y 
Slace, 1958). 

^solution and then suspended in culture med.um. 
^ t wUh Hanks's solution fnd suspended in culture med.um. 

' CTwhite eel, conn, were done U , = ^ £S 

Conjugation i with DNFB Two cuvet tes (in the same light path) were placed in the 

;a ) Bovine serum albumin (BSA). Two cuvettes ^ m T "; r „ m c p 80 o fi spectrophotometer, 
reference and two in the test compartment o * Unicarn S£. 800 Bjpec p ^ 

One cuvette in each compartment co ^ m ^\^ eaS ation for 5 minutes the 
20 „g/ml), both in buffer at £e W™^' ^Vn'etc^e concentration of 10 
olutions in the test compartment were mixed to give then rep l a ced. 

,ng/ml and 10 „g/ml for BSA and DNFB ^pec'ivdy he cuvettes ^ ^ 

The reaction was followed for 72 ^urs at 325 m, si ^^^^/tf BSA and 
at this wavelength there was a ? ax ^ a ^^ i ^^ was then lowered 

DNFB and the DNFB-BSA conjugate The pH <^ «?**^XtUled water was added 
■o about 3 with 2n hydrochloric acid. An ^^ t ^ u y D SS «? BSA. The optical 
l0 the reference cells to obtain a corresponding dOufaonoT UNM * ^ ad d 

density of the reaction mixture was then again determ 7 d nr ^^^ 4-dinitrophenol ; 
l0 measure any absorbance due to a 5^ "^^S 2,4 p 
DNP) which slowly formed on * andin ?^ were incubated 

(b) Lymphocytes. In preliminary ^y^^^S^buto P H 8 5 for periods up to 
with 0-100 „g/ml concentrations of ^^"^^^ Constituted in a solution 
10 hours.In subsequent experiments the lymP^yt e ] pellet was ^ ^ 

of DNFB (10 „g/ml) in the phosphate J^olu me of the U« incubation> the 
justed to give a final concentration of about 10 cells/ml. Alter w m 
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suspension was reduced to pH approximately 6-3 by gassing with carbon dioxide centri. 
fuged at 200 g for 5 minutes, the supernatant removed, the cells washed thnce with Hanks > 
solution and then suspended in culture medium. Control cultures of unconjugated lym- 
phocytes were treated in a similar fashion, except that the cells were not incubated with 
DNFB 

(c) Erythrocytes. Erythrocytes obtained from the residual defibrinated and sedimented 
blood by centrifugation for 10 minutes at 200 g were washed twice with Hanks's solution 
and conjugated with DNFB as described above for lymphocytes. 

(d) Serum proteins. Autologous serum proteins were conjugated with DNttt by mixine 
equal portions of serum (obtained from centrifuged blood) with DNFB solution (contain- 
ing 1 0 fig DNFB per ml) and incubating the mixture at 37° for 30 minutes. 

Preparation of mixed cultures , . , . , 

Unconjugated live lymphocytes (0-6-1 3 x 10 6 ) were mixed with either an approx.- 
mately equal number of autologous: (1) conjugated heat-killed lymphocytes, (2) un- 
conjugated heat-killed lymphocytes, (3) conjugated erythrocytes, or with 2 ml autologous 
conjugated serum protein solution. A fifth set of mixed cultures was prepared by mixing 
0-6-0-8x 10 6 conjugated live lymphocytes with a similar number of autologous uncon- 
jugated heat-killed lymphocytes. 

Carbon studies . ... 

A carbon suspension was prepared by diluting 'Pehkan' ink (Batch No. CI 1 1431a 
Gunther Wagner Werke, West Germany) in proportion 1 : 5 with Hanks's solution 
Approximately 005 ml of the carbon suspension was added to: (1), 3 ml of each peritoneal 
cell preparation (10 6 cells/ml); (2), 1 ml of each blood macrophage preparation (10 
leucocytes/ml); (3), 1 ml of each lymphocyte preparation (0 -5 x 10* 'lymphocytes/ml „ 
The cells were incubated with carbon at 37° for 2 hours, then centrifuged and washed 
3 or 4 times with Hanks's solution. After the last centrifugation the cells were spread on 
microscope slides and stained with May-Grtinwald-Giemsa. 

Uptake of tritiated thymidine r 

Thymidine-6-T(n) (Radiochemical Centre, England) was used in amounts of I 
per 10 6 lymphocytes. In the first experiment duplicate cultures of conjugated live lympho- 
cytes from two sensitized and two unsensitized guinea-pigs were incubated with thymiaim 
for 5 days. Each day the cultures were sampled and the uptake of thymidine was deter- 
mined. In the second experiment portions of 3-day duplicate cultures of conjugated lym- 
phocytes from two sensitized guinea-pigs were pulsed with thymidine for 1, 2, 4 or 6 hours. 

In the third experiment duplicate cultures of conjugated lymphocytes were P re P» rcn 
from four sensitized- guinea-pigs. Portions of 3-day cultures were pulsed with Aymidin 
for 2 hours. The remainder of each culture was incubated for a further 2 days and the per- 
centage of transformed cells then determined. In the fourth experiment duplicate culture 
were prepared of both conjugated and unconjugated lymphocytes from twelve sensitize 
and twelve unsensitized guinea-pigs. From a further seven sensitized animals were est. 
blished: (1), seven mixed cultures of unconjugated live lymphocytes and autologous coi 
jugated erythrocytes; (2), five cultures of conjugated live lymphocytes; (3), five mix 
cultures of unconjugated live lymphocytes and autologous conjugated serum P rote,n j 
(4), four mixed cultures of unconjugated live lymphocytes and autologous conjugal 



lieat-killed lymphocy. 
day of incubation. A 
with Hanks's solutio 
Packard) according t 

Autoradiography 
' Cultures of conjug: 
sitized guinea-pigs a 
animals. Subsequent 
tritiated thymidine f< 
lymphocytes from cu 
thymidine for 16 he 
solution, centrifuged 
autoradiographic em 
then stained with M 



CONJUGATION OF 1-F 

The conjugation o 
Eisen, Orris and Be 
pH range suitable f< 
chosen for convenie 
suitable for direct sr. 
rates of BSA with D 
that appreciable con 
During this invest 
to develop gradually 



\ 



Fig. 1. The effect « 
albumin. 



Lymphocyte Transformation in Contact Sensitivity 193 

heat-killed lymphocytes. All cultures were pulsed with thymidine for 2 hours on the 3rd 
day of incubation. After incubation for the stated periods, the cells were washed thnce 
wUh Hanks's solution and then prepared for liquid scmullauon countmg (Tn-Carb, 
Packard) according to the method of Mahm and Lofberg (1967). 

" CutroUonjugated lymphocytes were prepared from the cardiac blood of four sen- 
singed guinea-pigs and unconjugated lymphocytes from the blood of two unsensmzed 
animals 5 Subsequently, 0-5xl0« unconjugated lymphocytes were , ncubated with 2 ,0 
tritiated thymidine for 16 hours. Portions containing approximately 0-5x 10 conjugated 
from cultures aged 0, 3 or 5 days were also incubated wUh 2 nCi tntiated 
thymidine for 16 hours. After incubation the cells were washed thnce wUh . Hanks s 
solution, centrifuged and spread on microscope slides. The slides were coated with NTB2 
Autoradiographic emulsion (Eastman-Kodak, U.S.A.), exposed for 5 days, developed and 
then stained with May-Grunwald-Giemsa. 



RESULTS 

CONJUGATION OF 1-FLUORO-2.4-DINITROBENZENE (DNFB) WITH BOVINE SERUM ALBUMIN 

(BSA) 

The conization of DNFB with protein is known to occur rapidly at alkaline pH values 
fFisen, Orris and Belman, 1952). The extent of conjugation of DNFB with protein in the 
range suitable for use with living cells in vitro was ascertained using BSA. BbA was 
caosen for convenience, because light scattering of cell suspensions rendered than . un- 
suitable for direct spectrophotometric measurement of DNFB conjuga ion. The react on 
rates of BSA with DNFB at different pH values are illustrated in Fig. 1. It is noteworthy 
that appreciable conjugation occurs even at pH 5-5. 

During this investigation a yellow colour, probably due to 2,4-dinitropheno] was found 
to develop gradually in alkaline DNFB solutions standing for several weeks. This colour 
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Fig. 1. The effect of pH on the rate of conjugation of l-nuoro-2 ( 4-dinitroben2ene with bovine scrum 
albumin. 
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194 , K (nH , un ii k e that of DNFB-albumin conjugates. Accordingly, the 

disappeared at about pH 3, unlike tnat ° l - 2 h both at t h e reaction pH 

absorbance of the reaction natures ^«»^ ri ^iS di absorbance was similar at 
(see Fig. 1) and at P H 3. After c ^ eC ^" ^7 h e vellow 'colour was not sufficiently 

both pH values, suggestmg that the formation the ^ ^ view 

ra pid P to interfere appreciably wnh the measurements ecorde ^ ^ pH 

results with BSA (Fig. 1) conjugation of DNFB with uwng 
8-5 for 30 minutes. 

CONJUGATION OF DNFB WITH LEUCOCYTES 

r in ..<r nNFB Der 10 6 leucoevtes 
Preliminary experiments showed that P«P»»^ Control cultures containing 
contained no more eosin-stained (non-x .able) leucocyte for ^ 

contained approximately 3-3 mg protein. 

DIFFERENTIAL COUNT 

Differentia, counu of.eueocye suspensions 

and white cells. 

TOTAL CELL COUNT 

The total cell count decreased by up to 30 per cent by the ^^^^ 
diminished no further in the * ubs ^ uen ^ a ^ 

the counts of conjugated lymphocytes and fell toabou J t 50 per cent ol 

cytes (both from sensitized donors) which, on the otn aay, 

Table 1 

Effect of incubation on c ell counts in culture 

No. of cells per ml(xlQ 6 ) 





No. of 


Serum 




animals 




Conjugated lymphocytes 
unsensitized donors 


14§ 
2 


A 
H* 


sensitized donors 


25J§ 
2 


A 
Ht 


Conjugated red cells 
sensitized donors 


17J§ 


A 


Conjugated serum proteins 
sensitized donors 




A 




Unconjugated lymphocytes 
unsensitized donors 


2 
4 


Ht 

A 


sensitized donors 


14 
4 


A 
H* 



0 days 

1 .2-2-0 (1-6) 
1-9 (1-9) 

0- 8-2-0 (1*3) 

1- 8,2-0 (1-9) 

0-8-1-3 (0-9) 

0- 8-1-3 (1-0) 

2 0 (2-0) 

1- l-2-0(l-5) 
1-1-1-8 (1-3) 
12-1-8 (1-5) 



3 days 



5 days 



1-1-1-4 (1-3) 
1-6, 1-7 (1-65) 

0- 7-1-4 (0-9) 

1- 6, 1-7 0-65) 

0-8-1 -1 (0-9) 

0- 6-1 -2 (0-9) 

1- 5,1-7 (1-6) 

0- S-l-6 (1-2) 

1- 0-1 -5 (0-9) 
10-1-6 (1-2) 



1-1-1-5(1-3) 
1-6(1-6) 

0- 3-1*1 (0-4) 

1- 7. 1-8 (1-75) 

0- 4-0-6 (0-5) 
07-0*9 (0-8) 

1- 4, 1-7 (1*55) 
1-3-1-8(1-5) 
0.9-1.4(1-1) 
1.2-1*4(1-3) 



their values on the 3rd < 
of lymphocytes possibh 
dini'trophenylated erytl 
tures from sensitized dc 
cultures of autologous 
with DNFB, the total 
number. This decrease 
Table 1). 



On the day ofcollec 
5th day of culture, tl 
pectively. The percen 
and no special trends 
mixed cultures of live 
centage of viable cells 
day) was proportiona 



Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum protein 

sensitized donors 
Unconjugated lymphocyte 

unsensitized donors 

sensitized donors 



A: autologous. H: horn 
* Scrum from sensitize 
lymphocytes were also inc 
were prepared in duplica 



Only a small nui 
unconjugated live 1 
of seventeen cultur* 
By contrast, 8-22 i 
lymphocytes conju 
were present in 5-< 
conjugated heat-ki 
even higher ( 1 0— 2( 
n*nt non-viable 1\ 




MM h C " U " Td'decrease in the „u,nber 

U, .heir-luesontheBrdaa^ 
pH 0 f lymphocytes possrbly mdKates » » ? was nol observed .nlymp 

Table 1). 

V.A.LX CELL COUNT ^ ^ ^ 3^ ^ 

Onthedayofco"^ 

of red 



>cytcs 
lining 
r sub- 
ocytcs 




usually 
)ns were 
erythro- 
r cent oi 




Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated scrum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 

sensitized donors 



H§ 
2 

25t§ 
2 

17J5 

n;§ 

4 
2 
14 



A 
H» 

A 
Ht 

A 

A 

A 
Ht 
A 
H* 



95-100 (96) 
96, 97 (96-5) 
85 ll00 (92) 
95, 100 (97-5) 

79-100 (91) 
77-100 (93) 

95-100 (97) 
95, 100 (98) 

91- 100 (93) 

92- 98 (96) 



58-71 (61) 
52,60 (56) 
36-80 m 
52, 58 (55) 

33-S0 (71) 
32-70 (59) 

58-80 (67) 
60 (60) 
58-65 (60) 
45-60 (52) 



39-58 (43) 

18, 41 (30) 
10-58 (41) 

19, 24 (27) 

28-60 (53) 
26-60 (47) 

20-75 (50) 
31, 48 (40) 
38-50 (43) 
30-68 (40) 



6 (0*5) 
•9 (0-8) 

-7 (1-55) 
•8 (15) 
•4 (1-1) 
•4 (1-3) 



ca-pigs rf ! < 
. these am" 1 ' 11 
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Table 3 

Effect of conjugation on transformation of cultured lymphocytes 

Per cent transformed cells 



No. of 
animals 



Serum 



3 days 



5 days 



Conjugated lymphocytes 
unsensitized donors 

sensitized donors 

Conjugated red cells 

sensitized donors 
Conjugated serum proteins 

sensitized donors 
Unconjugated lymphocytes 

unsensitized donors 

sensitized donors 



14§ 

2 

25t§ 
2 


A 
H* 

A 
Hf 


0 
0 
0 
0 


0 
0 

8-22 (14) 
8, 16 (12) 


i?:§ 


A 


0 


0-1 (<1) 


I7t§ 


A 


0 


0-2 (<1) 


4 

2 

14 
4 


A 
Ht 
A 
H* 


0 
0 
0 
0 


0 
0 
0 
0 



were prepared in duplicate. Values in parentheses represent means. 



CARBON UPTAKE 

Carbon-laden cells were observed both in preparations of blood macrophages and peri- 
toneal cell cultures aged 0, 3 or 5 days. By contrast, no cells which phagocytosed carbon 
were detected in 0-, 3- or 5-day cultures of conjugated live lymphocytes from sensitized 
donors. 



UPTAKE OF TRITIATED THYMIDINE 

In an initial experiment conjugated lymphocytes from two unsensitized guinea-pigs 
incorporated relatively little radioactivity (<2500 counts/min per 10 6 lymphocytes) m the 
first 4 days of incubation with tritiated thymidine but took up rather more radioactivity 
on the 5th day (about 18,000 counts/min per 10 6 lymphocytes). By contrast, conjugated 
lymphocytes from two sensitized animals incorporated respectively about 25,000 counts 
min and 55,000 counts/min per 10 6 lymphocytes on the 3rd and 5th day of incubation. 



Table 4 



Lack of correlation between uptake of tritiated thymidine and transformation in cultures of conjugated 



LYMPHOYCTES 



Sensitized donors 


1 




2 


3 






4 


a b 


a 


b 


a 


b 


a 


b 


Radioactivity in 3-day cultures 

(counts/min/10 3 cells) 135 132 

Transformed cells in 5-day 

cultures (per cent) 16 9 


135 
11 


134 
12 


83 
10 


64 
9 


90 
10 


74 
7 



Preparations of frcshl ■ 
pigs contained no cells \ 
thymidine. By contrast, 
donors, 6 (0-34 per cen 
resembled large lympho 
700 examined leucocytt 
large lymphocytes to ot. 
«>-8, cf. Fig. 9). They a 
exhibited markedly dif 
probably depicting the 
«'f 660 examined leucoc 
'typical' transformed c< 
represent intermediate 



a, b: duplicate cultures. 
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No. of animals 



7- 
5- 
4» 

17', b 
12" 

12< 
12< 



Radioactivity 
(counts/min per 10 6 live 
lymphocytes) 

110-880 (480) 
96-700 (360) 

38-300 (73) 

38-500 (88) 
34-550 (110) 
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jugated live lymphocytes from lymphocy tes. * ^*u£^ P tf con- 

cvtes, (b) serum PJ« in per 10« lymphocytes in all 

radioactivity exceeded lS.uuu <- / • . pigs . 
jugated live lymphocytes from sensitized gu 

AUTORADIOGRAPHY ^ ^ inea 

pig s contained no ^-^-rJSS of conjugal W^^bS «* 
thymidine. By contrast, in lb ttour leucocytes were labelled. 1 n of 

' donors, 6 (0-34 per cent) of W R 5) . i„ May cultures, 48 (69 per^ < 
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Fig. 10. Cells from a 3-day-old culture of dinitrophenylated lymphocytes. The cells are joined by a 
strand of cytoplasm, x 2200. 





Fie. 1 1. A labelled, transformed cell from a culture aged 5 days, x 2200. 



Fig. 12. A trar 

degree of labellin 
microscopic app< 
per cent) were h 



The transform 
iimply document 
1963; Coulsen a 
investigations of 
Bloom and Chas 
lymphocytes. Th 
conjugates with p 

In defining the 
lias been investig; 

It may be assu 
pNFB and BSA 
M minutes. Thei 
and protein in the 
the availability o 
|ierence of serum 
intracellular loca 
c an enter the cell 
cellular fluid, anc 



Lymphocyte Transformation in Contact Sensitivity 



201 




c2200. 



ji * j„_ «ained with May-GrCnwald-Giemsa. 
F.c 12. A transformed cell from a culture aged 5 days, sta.ned w.t 

per cent) were labelled. 

DISCUSSION 

The transformation of lymphocytes in ^^^^t^^S^M. 
amply documented (Pearmain, Lycette and Fta 8J^V 1 ?? , ^ lu i t use of DNCB in 
1963; Coulsen and Chalmers, 1967). ^^1935', Turk, 1967; 

investigations of delayed ^T^^^^Z^L of Its effect on cultured 

by its ability to form stable 

has been investigated in the P H range occurs between 

It may be assumed that after 4 hours at pH 8 5 ^ no urn* ^ 
DNFB and BSA since there is virtually ^no ^"f^^^l* between DNFB 
30 minutes. Therefore, it seems reasonable to mme 3Q However, 

and protein in the cell suspensions is also approximately complete m ^ 
the availability of ceU protein for conjugaUon ^J* ^ hJd, by the 

herence of serum protein to the ceUs (^*™™f{ , ^i utl likely that free DNFB 
intracellular localization of the bulk of the protein It seems un y ^ 
can enter the cells in view of its high reacuvity ^™^'K h ? Mbol bed serum 
cellular fluid, and the availability of protein for conjugation m bothtn 
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and the cell membrane. However, if DNFB does enter the cell, it can presumably react 
with intracellular protein since some conjugation with albumin is found even at pH 5-5. 

In cultures of conjugated cells from the sensitized guinea-pigs, the total number of cells 
decreases by the 5th day to about one-third of its initial value. Since a similar fall does not 
usually occur in other cultures, the conj ugated cells from sensitized donors probably undergo 
lysis of immune origin. Moreover, since the total number of cells similarly decreases in 
cultures of unconjugated heat-killed cells used with conjugated live cells, as well as un- 
conjugated live cells used with conjugated heat-killed cells, dinitrophenylated lymphocyte 
antigen can possibly induce lysis of unconjugated living lymphocytes. By contrast, it 
appears that transformation can be induced only in cells directly exposed to DNFB. 

The transformation of conjugated lymphocytes from sensitized donors has been esta- 
blished both on a morphological basis and by the incorporation of tritiated thymidine. 
It appears to be a specific reaction of conjugated, sensitive lymphocytes, since neither 
transformed cells nor appreciable thymidine uptake are observed in unconjugated cell 
cultures from sensitized animals or conjugated and unconjugated cell cultures from un- 
sensitized donors. The transformation appears to be a specific outcome of the exposure of ; 
sensitized lymphocytes to DNFB, since little or no transformation occurs when live lympho- ! 
cytes are incubated with either conjugated, heat-killed lymphocytes, erythrocytes or serum j 
proteins. 

In some cultures containing conjugated erythrocytes or serum proteins, the presence of a 
small number of transformed cells can be interpreted as a low degree of responsiveness to 
these antigens. It is also possible, however, that a small amount of residual unconjugated 
DNFB remains adsorbed to erythrocytes or is present in serum and later reacts with 
lymphocytes. 

Conjugation of DNFB with lymphocytes therefore appears to be a necessary prerequisite 
to transformation. The high reactivity of DNFB suggests that it mainly combines with 
protein adsorbed to the cell or a component of the cell membrane. Since the adsorbed 
protein is probably derived from the serum, and conjugated serum proteins do not induce 
appreciable transformation, it seems likely that the union resulting in transformation 
occurs at the cell membrane. Transformation of lymphocytes from sensitized animal> 
following in vitro conjugation with DNFB suggests that a similar mechanism may operate 
in vivo. 

Migrating lymphocytes may initially react with the chemical in the skin and induce 
hypersensitivity after undergoing changes either locally or in the regional lymph nodes 
Sensitive lymphocytes may subsequently react with freshly applied chemical and havinir 
been stimulated by the specific antigen, release factors which elicit the local reaction. 
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Clinical Investigation 

Clinical Responses With Active Specific Intralymphatic 
Immunotherapy for Cancer— A Phase HI Trial 

CHARLES L WISEMAN, MD; V. SVNAWSA RAft PhD, PharmD; PETER & KENNEDY, MD; 
GARY A. PRESANT, MD; JL DOUGLAS SMITH, MD; and ROBERT J. McKENNA, MD, boa Angeles 

evaluated the method of active specific Intralymphatic Immunization to treat cancer In 32 
patients with various tumor types as part of a broad-based phase HI evaluation and describe the 
results of 3 sequential series. In series 1, the patients (n~13) received 2 or more Injections of 
autologous, cryopreserved, Irradiated tumor cells directly Into the lymphatic system through the 
cannulation of a dorsal pedal lymphatic channel. Inseries2 9 the patients (n**7) received low-dose 
cyclophosphamide, 300 mg per rti 2 , 3 days before the autologous cell vaccine was administered 
Series 3 (12 patients) was similar to series 2 except that the tumor cells were treated with 
cholesteryl hemlsucclnate Immediately before Irradiation. Patients received from 2 to 6 Injections of 
cells, depending on availability, at 2-week Intervals. In all, 91 treatments are evaluated In this study. 
Clinical responses occurred In 7 of the 32 patients and were seen In all 3 series with about the 
same frequency. These responses occurred In cases of melanoma, lung cancer, colon cancer, and 
sarcoma. Regressions occurred In both visceral and subcutaneous sites. There was Bttie toxicity, 
the chief side effect being local discomfort or Inflammation. This experience Indicates that active 
specific Intralymphatic Immunotherapy Is safe, produces antitumor effects, and requires more 
Investigation to Increase the frequency and duration of observable tumor regression. 
(Wiseman CL. Rao VS, Kennedy PS, eta!: Clinical responses with active specific Intralymphatte inwmifK*heiapyfof caiK*r--A 
phase Ml trial. West J Med 1989 Sep; 151:283-288) 



The historical enthusiasm for using autologous tumor 
cells as immunogens has resulted in a number of clinical 
trials, and some positive results warrant further attention. 1 
We have been interested in several recent developments that 
encourage further investigation of such an approach. We 
began a study to investigate and extend the original report of 
Juillard and co-workers, who described regression of meta- 
static tumors after inoculating irradiated tumor cells directly 
into die lymph nodes through the dorsal pedal lymphatic 
vessels. 2 

Direct intralymphatic immunization is an attractive con- 
cept for a number of theoretic reasons. Such a technique 
could circumvent possible immunosuppressive mechanisms 
of a primary tumor. Regional lymph nodes vary widely in 
immunologic responsiveness. 1 Some studies indicate that 
nodes dose to a primary tumor have decreased functional 
competence and increased suppressor-cell activity as com- 
pared with nodes distant from the primary tumor. 4 

The intralymphatic approach has been studied in ani- 
mals*- 4 with positive results and in several human tumor 
categories. In addition to die work of Juillard and colleagues, 
augmented immunologic responses woe reported in breast 
cancer and in renal cancer by Adler and associates, although 
the clinical significance of these responses remains open. M 



Our initial findings suggested that the method reprodu- 
cibly elicited substantial biologic effects, with a significant 
elevation of the fraction (and absolute number) of circulating 
CD4+ lymphocytes. We observed that this elevation oc- 
curred after each immunization and in almost every pa- 
tient. 910 In a few melanoma patients, two subpopulatkns of 
CD4+ were identified. 1 ' 

Since the initiation of this study, we have made several 
modifications based on possibly useful newer techniques. 
The reports by Berd and Mastrangdo indicated Oat the use 
of low doses of ^ophosphamide may selectively block sup- 
pressor-cell functional activity, thereby leading to aug- 
mented specific immune responses." After our initial expe- 
rience, we introduced this as a pretreatment for our patients 
(series 2 and 3). We then changed die program in an attempt 
to increase potential cell-surface immunogenicity of tumor 
cells by reducing lnembrane-lipid microviscosity. We intro- 
duced the methods of Skornick and associates, using a brief 
incubation with cholesteryl bemisuccinate (series 3). u 

Patients and Methods 

Honor Vacdne 

Surgically removed tumor was dispersed by collagenase 
and deoocyribonudease accord 
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lllv wSTwiahed in Hanks' inediuntv Affi^ ^ were 
removed by faad^«37°C-a^ 
tion was then Irradiated to 200 gray ftOT 
Dosimetry and supervision of the radirion procedure*^ 
provided by Armand Bouzatfou. MD, and John SeviUa, 
MD. ftrpatia*^ 

Ttfyvhy] ^SSdone-Hanks* 7 A cra^totag 

1 xltf^le cells per millil^ 
horns at room temperature, washed, and resuspewled fa la* 
tated Ringer's solution 5 to 10 x 10* viable cells per mflli- 
liter before irradiation. The taadiatedcdto^resugp^ 
in 8 lactated Ringer's solution at a concentration of 10 to 13 
X 1 (f viable cells per milliliter. Viability was assessed by 
trypan blue exclusion. Aliquots of the initial preparation and 
the irradiated vaccine were routinely tested for bacterial con- 
tamination l^cdture as recommended 
The viability of the tumor cells was generally about 70% or 



higher, although occasionally a patient was treated with a 
vaccineofiower viability. 

BxtUnts 

All patients provided signed informed consent before en- 
rolling in this program. Approval and periodic review had 
b^n^rovided'bylhe Institutional Review Board of the St 
Vincent Medical Center (Los Angeles), both initially and 
after the sequential modifications of the program. All pa- 
tients received a complete medical history and physical ex- 
amination, complete blood counts, biochemical profile, and 
such x-ray films, computed tomograms, and isotope scans as 
needed to evaluate the extent of metastatic involvement and 
the dimensions of at least one measurable indicate 
Therapy was not initiated until at least three weeks had 
elapsed from previous chemotherapy, radiation therapy, or 
surgical procedure requiring general anesthesia. No addi- 
tional antitumor therapy was permitted for any patient during 
the period of treatment on this protocol. 

Autologous irradiated tumor cells, suspended at a con- 
centration of 10 to 15 x 10 6 viable cells per milliliter, were 
injected over several minutes into a dorsal pedal lymphatic 
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channel isolated after Evans bine was infiltrated and Udo- 
caine hydrochloride was administered fat local anesthesi a 
- . « — — » ^ Aflcat- 



tfaylperazine, 10 to 15 mg (Ihrecan, Rotane Laboratories, 
Inc). 



down procedures were done fcy the staff of die Department of 
Radiology, St Vincent Medical Cater. P&tients received the 
vaccine at two- to four-week intervals as supplies permitted. 
Unless required for other medical considerations, admission 
to hospital was not seeded. For those patients receiving cy- 
doptosphamide (Cytoxan, Bristol-Myers Oncology Divi- 
sion) , the drug was injected intravenously three days before 
vaccine inoculation at a dose of 300 mg per m* following 
pretreatment with the intramuscular administration oftrie- 
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The roster of patients, together with dinical character 
tics, is provided inlhWt 1. As mentioned, our initial experi- 
ence, series 1, represents the tumor vaccine progr^ 
ified. Series 2 and 3 differ in Oat patients were treated with 
low-dose cyclopho s p hamid e. Saks 3 comprises those pa- 
tients whose vaccine underwent pretreatment with cfaolea- 
teryl hemisucdnate; additionally, series 3 patients, similar to 
the patients in series 2, received a priming, immunomodu- 
ladng dose of cyclophosphamide before the vaccine treat- 
mem. There woe 1 3 patients in series 1 , 7 in series 2, and 12 
in series 3. The program was initiated June 1, 1981; we 
evaluated responses and survival as of July 15, 1988. WUe 2 
shows die tumor types and their distribution according to 
series. 

All patients had advanced cancer, usually with pulmo- 
nary or intra-abdominal metastases. The median age was 48 
years (range, 26 to 78). There were 8 women. Eleven patients 
had had no previous therapy; an occasional patient had had 
extensive previous treatment. The median performance 
score on the Eastern Cooperative Oncology Group scale was 
2; six had scores of 4 (completely bedridden) and five had 
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scores of 3-*at is, about a third of the patients wcrt par- 
tially <ff completely bedridden. 

Thblc 3 depicts the number of cycles of iTnnwnt7ati on per 
patient, the amount of viable odls of each vaccine treating, 
gcmaimumi^^ 



the duration of survival from die initiation of treatment. For 
32 patients in the study, there were a total of 91 treatments. 
Exam^of^^ 

and 3; Figure 1 shows a chest x-ray film of patient 10, a 
35-year-old man who underwent an exploratory * 0I ***°^ 
for operable but not resectable, large-cell undifferentiated 
lung cancer. The patient received two vaccine treatments, 
with the subsequent disappearance of the hing nodule and 
Improvement of mediastinal widening, both on chest x-ray 
film aid computed tomog^ 
treated by his referring physician with chenwtherapy and 
irradiation to consolidate the remission , but the disease re- 
curred five months later. . - A n 
Figure 2 shows die computed tomograms of patient 29, a 
62-year-old man who had an excisional biopsy of pulmonary 
nodules diagnostic of metastatic melanoma* In addition to 
pulmonary metastases, the patient had noticed a 1-cm nodule 
in the right thigh shortly before the initiation of vaccine 
treatment. The pulmonary disease showed regression, the 
thigh mass disappeared, and the patient had a reduction of 
serum concentrations to the monoclonal antibody CA 125 
from 91 to 33 ng per ml eight weeks following the start of 
treatment. The patient then showed progressive disease in 



Figure 3 shows CT scans taken of a 45-year-old woman 
(patient 32) who presented with an atrial myxoma invading 
the great vessels. After surgical resection she was treated 
with incisional chemotherapy with doxorubicin (Adria- 
nwcin, Adria Laboratories) hydrochloride, but hepatic me- 
tastases developed. She received three cycles of autologous 



irradiated tumor ceU vaccine as per the methods descri^ 
for series 3 patients. The follow-up scans five weeks later 
showed disappearance of several vaguely demarcated liver 
lesions and reduction ofam^jor lesion firom4by4cm to 1.5 
by 1.5 cm. New lesions were identified on the skin and also in 
the lungs, but the hepatfc lesions regressed. 

Patient 1 had multiple vaguely defined pulmonary infil- 
trates, which showed more than 50% regression simulta- 
neous with the development of brain metastases. Ftotiait 14 
had an exploratory laparotomy with partial resection of a 
retroperitoneal mass, not identifiable on computed tomog- 
raphy. Signs of a bowel obstruction developed 14 weeks later, 
again without tumor visible by CT scan. At an operation the 
patient had tumor obstructing the distal small bowel but the 
surgeon saw that die original tumor mass was more than 50% 
reduced. 

Patient 17 had a resection of one of several large breast 
masses palpable and visible on mammography. After three 
vaccine treatments, the mass adjacent to die resected tumor 
appeared to enlarge and was resected. Interestingly, only 
necrotic debris was obtained. When the patient relapsed 68 
weeks later, there was a large, palpable, and darkly pig- 
mented nodule in the region from which a biopsy was previ- 
ously taken, as well as several other areas in berth breasts. 

The median survival for all patients was 36 weeks. We 
note that occasionally a patient had an unusually long sur- 
vival. Patient 12, with recurrent renal carcinoma in the chest 
wall, showed a greater than 25% increase in the size of the 
tumor; he was subsequently treated with a regimen of inter- 
feron, without significant benefit, then radiation therapy. 
Lung metastases also developed. Nonetheless, he remains 



gous intralymphatic vaccine therapy started. Patient 15 had 
progressive liver metastases cm a CT scan after three treat- 
ments with autologous irradiated tumor cells and was treated 
with two courses of intrahepatic chemotherapy with mito- 
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mydn and fluoroofBciL He has declined further medical 
evaluation but continues to work more than 1» weeks since 
treatment was initiated. 

Direct toxicity was limited to an occasional local infec- 
tion, rarely fever or other systemic reactions. There were no 
instances of regional adenopathy, nor did any patient have 
symptoms of immediate hypersensitivity. There was no evi- 
dence of tumor enhancement or acceleration of the clinical 
course. Wound infections and difficult cannulations were 
seen primarily in series 1 patients (three patients each), 
fever was identified briefly in one patient, who received 
antipyretics and had a normal temperature after 24 hours. 
One patient (number 8) with colon carcinoma and extensive 
pelvic tumor had a self-limited deep vein thrombophlebitis in 
the contralateral leg; this condition required admission to 
hospital and anticoagulation but resolved without sequelae. 
The patient had no further complications until her demise 
from progressive distant metastases 32 weeks later. Another 
patient (number 13) with renal carcinoma died suddenly at 
home; at autopsy a pulmonary embolus was identified. This 
event is not unexpected in tills population, but there is a 
possibility that the cutdown procedure, requiring immobili- 
zation on a guerney for 60 to 120 minutes, contributed to its 
development. Nonetheless, patients in the later series were 
not similarly affected. 




Figure A computed tomogram at thettartoftittfmentln 
patMathovnatootpulrnorttryn^ 
itortafrBotloiM computed lo«^ 
ragmslonorttw nodi* Inthaltftpostariorlung. 
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Discussion 

This report confirms the d inical interest of active specific 
immunotherapy using autologous cells through intralym- 
phatic injection. The original report by JuiUard and col- 
leagues in 1978 showed that tunK>rvaccine8CduUelichr^ 
gressions of metastatic disease,* a controversial notion at a 
time when it was widely held that immunologic median isms 
would be ineffective except for subclinical, microinetastatic 
disease. 1 We describe here objective regressions in 7 of 32 
patients studied. It should be noted that these very ill patients 
all had tumors for which effective or even palliative therapy 
is marginal. The responses have been limited and incom- 
plete, however, and the pnAlem of mixed req»nses is disa^ 
pointing. McC^ ami co-workers, in a stucty of renal card- 
noma, interpret mixed responses as a strong argument for the 
polydonaU^ of tumore. n the response of patiem 32 is cih 
couragirig, even if there was growth of tumor at other sites, 
given the severity of liver involvement and the rarity of re- 
gressions under these circumstances. 

In evaluating the population for possible prognostic fac- 
tors, we note that all of the responding patients were younger 
than 65 and most had performance status scores of 2 or less. 
The mean age of the seven responders, however, was SO, and 
that age was not appreciably different from that of the group 
as a whole (me*n age, 5 1 .3 yeare). 

Previous chemotherapy was not a contraindication to a 
response, contrary to the experience of Weisenburger and 
colleagues. 16 That study, albeit involving allogeneic tissue 





tjff* In cocti^ firo 
cbeaiotiienpy* 

Although we describe an evolving strategy for imple- 
menting active spc^to^^ 
role of rgclci^ 

aadwsodatws^^ 

with ctakstefyl-ijwdtf^ ttunpr cells. 17 This 

profits 4H4 *ntjAlty the leymte rate In our study. The 
incidence of clinical responses is not meaningfully different 
among die three series: 3 of 13 03%) in series 1, 2 of 7 
(29%)inserie82,and2ofl2(17%)inscries3. 

The method and experience described suggest the exis- 
tence of host responses that can have potentially useful ef- 
fects against dtoBoniriated malignancy. Attempts to identify 
the existence of relevant serum antibodies, described by Ahn 
and co-workers" and by Farted and colleagues," have been 
unrewarding to date, both in our own laboratory and in an 
investigation by Karen 0. Barnett, PhD, Hybridtech, Inc, 
San Diego (oral communication, September 1987). We have 
previously repotted an initial impression that intralymphatic 
immunotherapy produces substantial augmentation of die 
CD4+ T-cell phenotype.* 11 A further analysis indicates that 
this impression is confinnable,* 0 and , notably, the more sub- 
stantial increases of this subset also corrected significantly 
with the clinical response. Immunologic studies fa progress 
may uncover or clarify further the underlying host-defense 
fittehfltti«mfl and will be further evaluated in a separate re- 
port* 

Our experience suggests that the method of intralym- 
phatic immunotherapy is reasonably safe and technically fea- 
sible. It is hard to explain the regremonsdbscrvWbyriiedia- 
nisms other than host immune responses engendeted by the 
fffjnqiiiifl of the intralymphatic vaccine; understanding this 
process and modifying it to provide better and more durable 
responses remain a compelling challenge for further work. 

Although one of us (GL.W.) had previously initiated a 
similar program at a major academic center, We had some 
initial concerns about the feasibility of implementing this 
novel investigation at a community hospital. These concerns 
were not manifest in reality, and the community support of 



tbe program was gratifying. How best to further eval^ 
medwd and to introduce it into clinical practice deserves 
attention. We are currently engaged in a riinical trial to 
uate a possible role far interietddh 2 in cbqjunttion with this 
technique of active specific intralymphatic immunotherapy. 
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AUGMENTATION OF DEUYED-TYPE HYPERSENSITIVITY (tmO TO 
TUHOR-ASSOCIATtD ANTIGENS BY TREATMENT WITH AUTOLOGOUS . 
TUCR CELL VACCINE PRECEDED BY CYCLOPHOSPHAMIDE (CY) . David 
BtrJ Henry Kflfuirc and KiChael rUStringelO. FOX Chase 
Cancer Center. Philadelphia. PA lfllll. Hahn«i«m Wediwi 
College, Philadelphia, PA 19102 • 

a pretreatment augments the development of DTH to a 
primary exoaenoui: ant^en in P «ion« wixh oJ«n«d cmnccr. 
In an ongoing study, w C are testing the ^ hypothesis that CY 
can augeent DTH to tojoot associated, antigens as well, we 
obtained turgor ti^uo- £rt« patiflnu wiU advanced cancer 
who had an easily resectable ""astatic depos^. -T\«or« 
wore dissociated with collogenase and DNase and the cells 
wore cirroproscrved in huamn SOTUH. PAtlontS WO skin- • 
tested by i.d. injection of 10 6 Hv e . *uwlo C ow* ^'J cll = 
CTC) and also with 3 x 10 6 siBilarly-cryopreserved blood 
nonomiclear cells (MNC) • DTH responses (ik*ji diawetor in- 
duration) were measured at-4fi h. 1\-o. weeks later they were* 
given CY 300 mg/M 2 IV. Three days after « patients w«re fi 
iniected i.d. with a vaccine, consisting of.TC (10-30 x 10 
llv. c*li*} mixed with o.l »i Glaxo tec. Seventeen days ' 
later, they were skin-tested apain: pre-.w^' post-tmwwi 
DTH responses were compared. So far, 6 patients* have been 
entered on the study (S tnelanona, 1 breast <a)- Piv© have 
COOplctod pre -treatment *Vin razing: the DTH ■ rvnpbnaes 

(10a) were: TC - S,0,A,0,6; KNC - all 0. Two patients have 
completed ax least one iiounixation and testing. * In ■•" 
patient '1. DTH to TC ino«xsod after treatment fTO* 5 to 
14 urn. Patient *2 had no DTH to TC before treattaont, hut 
had a 12 ki response after treatment. Mechanically dissocia- 
tcd TC elicited a response airoilar to that- elicited by 
enzyme-treated TC. CY vaccine did «ot augment DTH to.HNC. 
Thus, autologous XC-BCG vaccine preceded by .CY can result 
in cUvelojmcnt ox »ugonmtatlon of irrH to. tumor-associated 
antigens. 
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ACTIVE SPECIFIC IMMUNOTHERAPY IN MALIGNANT 
- MELANOMA- ECOG PILOT STUDY pE>6*0. J-E. Harm, A.C. 
Hollinshead, 8. . Fuller, and S- Nisius. Ru^h "e^l College, 
Chicaeo and Geo. Washington U. Med. Ctr., Washington- 

Sixteen patients (pts) with disseminated malignant melanoma 
who had failed at least one course of chemotherapy were treated 
by intradermal vaccinations with 0.2 ml "of '^"IT* 
brane extracted tumor-associated antigens (TAA) ♦ _0J ^ml Freunds 
Complex* Adjuvant (FCA) gl«i monthly up to 3 times. TAA was 
purified from a soluble membrane- ^^ X ^ h ^ d m ^^^ 
cells metastatic to lung and . liver. TAA was ££ined after acl 
lUtration ond.5cper.tion by preparative P^^acrylaniioVege! ekc- 
tropheresls (PAGE) and were analyzed by dW^ntinoous-gradlcnt 
PACE. Of 15 evaluable pts. (10 males, 'J^£jrfi^& 
yenm <yr»). range 32-70 yrs.) 7 progressed ioUowlng 1 vaccination 
dying ST 0.3. U>, 7.3. 5.0. .**.\nd 0.3 months <mo*.> lotcr, * P « 
pressed foIl 0 win E 2'vacclnationo; 3 dying *J. W> and 20 mo*. 
Ute 8 r f with 1 currently alive at 5.0'mos.f * pts P^B«^ Rowing 
3 vacci^Twnst 3 dying 3.0, 5 J and .1.3 m«. U«;^l 
alive 3-5 mos. later. One partial remission of duease 
regression of soft tissue skull metastasis with no change in inguinal 
Sclutic db™e) was seen io I Jo wing trie second vaccinal on 
In -a- pt. who then relapsed: and died- 7 weeks after the 3rd 
vaccination. There was no relationship between to e ™"Ce of, or 
ohUHy to complete the 3 vaccination regimen and U) performance 

ratUS, (U) extent and n**ur-.ol metastatic dl»e»e, (ill .mount of 
cy ' "toxic drug therapy. Patients receiving 3 vacdnauc^ ^d 
tonser disease-tree intervals between primary, resection and tumor 
recurrence than did those, receiving- l-2,v a ccinauons ; Toxicity: 
transient pain at sites of vaccination and \« m ^ raturc .f 1<va ?° B 
wToO^FTon the days of vaccination. All vaccination sites 
uLlatcd, n^nc become' infected; all crusted over. Th* PhaseJ 
study establishes that extracted tumor antic*" *n FCA 
riven to malignant melanoma pts. with tolerable morbidity, t has 
Antitumor acUvlty and may. be uselui for immunoprophylaxis in the 
. adjuvant setting- 
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COMBINED MODALITY THERAPY OF ADVANCED NOCWLAR ■ LWPHOgjg 
THE ROLE OF NONSPECIFIC IMMUNOTHERAPY (MBV) AS AN IMPORTANT 
DETERMINANT OF RESPONSE AND SURVIVAL. S.KempIn, C.CIJTlnCOne, 
O.Myers. B. Lee HI. D.Straus. 6. ^ < "5 P * 1 - A r 1 i?i I"S? 0, Le^ 
R.Mertelsmann. C;P1nsky.E.Cotnacho. L.NUce, L.01d,B.CUrkson, 
H.Oettgen, Memorial Sloan-Ketterlng Cancer Center .New York, 

N " Y ' 10 °slnce June 1976 56 patients (pts) vUh NL(StyeslHV) 
were treated with tne NHL -4 protocol, consisting of two se- ■■ 
quentlal rog1w»ns: UThiotepa, Vlncristlnei ChIorart)uc1l anO 
Prednisone (6-12 cycles) followed by II^vclophosphaijIde.M- 
Hawycln, Helphalan and Pradnlsone (4 cycles )(ASC0 2Z:5l», 
1981J.Radiotheropy (RT) w.s administered to Initial areas of 
bulky disease at the conclusion of c>e»oth«rapy or to nodal/ 
extfinodal sites responding only partially to chemotherapy. 
H6v, a heat killed preparation of 5. pyogenes and Ser.marces- 
cens, was administered in a r.ndomi red- fashion, subcutaneous- 
ly, one week prior to each chemotherapy cycled to 26 ow-y"' 
«as administered up until the completion of reg Irony I and u, 
then discontinuad. The overall complete (CR) and»port1al re- 
sponse rates were 621 and 32X respectively.' The - CR rate^of 
vaccinated patients was B5X vs. 44X -for nonvacdnated pts. 
The survival duration of pts treated with MBV' Is slgnlficant- 
ly better than nonHBV pts tP=.029); howevar.-.wUh a ^1*" 
follow up of 34.3 months no plateau has yet been reached for 
cither gn>up. Relapses have occurred in 20X of MBV>CR pts vs. 
A2% of nonHBV CR pts. Of the 10 CR pt* who : have r«1aps«d.only 
5 pts have received RT and all relapses occurred In nonirraoV 
ated previously n un1nvol ved" sites.- Including PR pts »83%: re- 
lapsed or prooressed In previously involved :un Irradiated >* 
sites. This trial suggests that MBV may have a significant * 
theropeutlc role m this combined modal 1ty' approach ; Whether ^ 
lonper tern *ma1nt*riiince imnunotherepy or more aggressive ra- 
diotherapy (i.e. total nodal) should be' used can- only be- de- 
termined by long term comparative randomized. trials. • 



C-220 

EFFECT. OF CHEMOTHERAPY ON M^^J^^ 

DEFINED LEUKOCYTE SUBSETS IN WUD 

PATIENTS. Donald P. Braun, Jules E. Harris and Samuel G- 

Taylor IlL Ru=h Medical College, Chlcafio, Illinois- 

Percentages and numbers ol T cclU, monocytes and T cell 

subsets were measured in peripheral blood mononuclear cells 

(PBMC) from »Ua tumor cancer patients receiving chemotherapy. 

The patient population confuted o« e 1 p^ticnx with breast, cancer 

who received adjuvant chemotherapy with ™W*l*«^*r 
iluorouradi; * patients with r>on T imali ceU lung cancer who 
received mitomycin C r cisplatln and vlndesine, 3 parents with 
small ccU lung cancer who received Q^PJ^^^^^^^; 
U, 1 patient with melanoma who received methyl^CNU, and 1 
pailorA with cofan carcinoma wno- received Cytoxan, Oncovin and 
rncthotrexate. The foUowing JeuWocyx- ~b^« ^JT^ OCT 3 
U) T cells by sheep erythrocyte rosetting.>) T cells by 
monoclonaJ 'antibodies, ;.. CUD helper/lnducer T cells by OKT^ 
monoclonal antibody Civ) •uppre*»r/cytoto)ac, T <*U?*™J'* 
monoclonal antibodies, (v) monocytes by latex ^Kf^^^A^ 
OKM.1 + cells by moriclonal antibodies. ^^^J^VSK 
Rlutlnln-induced (PHA> DNA synthcalt.were measured to deter- 

m^Xther drug-induced clw-hle^j^^ 
associated with, changes. in. immune function. In all ^J^ tl ^_ 
studied, absolute numbers, of lympnoqrtes .and E ^ 
declined loUowing drufi treatment; tr^r^ B l dlf f rc S!!J 

Stent of depression or ^^V^^^SZiS ^^ wcrt 
perccnt«Rp.of latcx-in&estAng'.PBMC -and* OK.NL1 ^ ceiu were 
W taScline in 6 patients, following ; thelr drug^treatment. PH A 
respondvenesa In PBHClrom 9 to 10;drug,Voated cancer paUents 
Imp^vcd to at least of oretr^tment ieveU ol lu^^^^ 

loUowing therapy. That «^cU^d ^V^"?? 3 » 

decline In, percentages ol latex Inges^ng cells and OKM i + celis 
out was never associated with selective changes m T cell subseu. 
Combination chemotherapy does not dllfercnua^y a ^^the 
Dcrcentaee of T ceU subsets but may sometimes depress monocyte 
percentages In the PBMC of treated cancer patients. 



56 



PROCEEDINGS OF A SCO 



Cellular Immunity and the Immunotherapy 



WTH ^GENESC Masahiro Ogasawara and Steven A. Rosenberg. 
Suroery ttJ^ttZ?Z« * «** trials by 
usi n 9 JTJK ^ocytes <J' V-H' STSE 

cell 

Tumor cells (rom twelve melanoma and two renai cei 

- bo m 

an IFN-o relroviral vector. Melanoma cells transduced win the IFN 
Tgene transcribed IFN-o RNA and secreted large -""J*"^™ ° 
in contrast to cells transduced with the JF N-y gene the ^expre won o 

whth had been' "nsduced with the IF*. 

"N. Y Tnes into melanoma cells may be useful e-ther tor active 
immunisation against melanoma or tor the generate ol TIL to be used 

in adoptive immunotherapy. 



tepT^n\oflSu>ry Medicine and Penology. Umrnm, of 

%?££dd '"increase immune responsiveness against otherwise 
tal££»c malignancies by the «j. fer of qr^ne 

cDNA under transcriptional regulation of the Moloney long 
reoeai the SV40 internal promoter and the " e °™£"" 
SK^fcnK gene BDL-2 clones 

were isolated by limiting dilution in G-418, and have ccen snown » 
^To 2 - 88.5 U IM/I* cells/rnLO* tag fi~»f™% & 

observed foltowing retroviral transduction and «P re$ »°" 

?n«vTous (iv) «^«**^'^re,^^SS§ 

BDL-2 clone in syngeneic Balb/c mice resuueu i» 5 / 
increased median siivival time (MST) when compared ^^^5 

resistance of Balb/c mice to a IL-2 secreting BDL-2 tumor unc m v«vu. 



MELANOMA CELLS INHIBITS METASTATIC TOEAM- 
S. Ostrand-Rosenberg and Noelle Patterson, Dept. of B.ology, 
University of Maryland, Baltimore, MD 21228. 

studies tave established that transfection of syngene. :MHC 
dtanUStato constitutively class II" mouse sarcoma cells produces 
(Sal/A*> which is -j^ t f^°o 
host, and which effectively immunizes the host agains a ™^ °J 
wild type class IT tumor. We have hypothesized that the Sal/A 
utsfXts induce protective immunity because they ^cuon as «ugen 
cells (APQ for endogenously synthesized tumor peptides, and 

sr ^™ s £ fi ^^ - 

£J^««Keri«Ll (intravenous inoculation) 
sv^eneic C3H mice. In order to test the protective potential cfMHC 
S K1735 cells. wildtypeK1735 tumor -cells were 
».n.tr a » A " MHC class II genes, and/or neo R gene, and 3 clones 

KH 5 cells hTsignificanuy lower frequencies of pnmary = and 
snontaneous metastases, as compared to mice receiving wild type K1735 
SSSTw, ha^ also tested thVability of K1735/A* cells to tmmunue 
aS'wiTd tyje tumor. Autologous C3H mice immumied w,th tod 
S?S* K1735 ceUs and challenged i.p. 1-3 months later wtth wild type 
K1735 tumor have greaUy reduced primary tumor growth and 
SneouT metastasis forJnation relative to natve unimmumzed 

for protecting against subsequent metastatic dtsease. 



i,-.*™ thf RETROVIRAL VECTOR MFG ALLOWS HIGH 
NZ409 f fIC R ™ 'TRANSDUCTION OF HUHAN 

WeTdaresse™the feasibility of gene therapy 
Er hu„an prostate MFG.^an 

e r f S f t icien C =y d using MFG-l.cZ 
(containing the gene b £?h 

adenocarcinoma cell ^-^on^Titration 
^Ln^rattd optimum transduction efficiency 
^ 8ol\/ B l of° P D«E-Dextran with 5 hours • 
tLgerixposure Mt, , vlr .^^^^$3 
Sriciencrvas achieved 2 . 1 We 2% then used these 

Irostail Specific Antigen (PSA) secretion by 
lilll cells. 200 - 300 fold expansion was 
these cells- <«» senescence of 

^iurea ci?ls Ei?icient transduction by MFG- 
WO in genetic ther.py for prostate cancer. 
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THP ENDOCUT NEEDLE: ENDOSCOPIC CORE BIOPSY 

f 1 2f. which can be passed via the instrument 
B 2 e i!i or a cystoscopy nephroscope oc 

Kn? p« «..h™ fg^, ."r»; 

Trucut needle (TN; per «^^ ,M * _- Mtllte 
Prostatic tissue was obtained in all UU/zu; 

h!sto C i e o P g°y C - compa'able 1 with Material in 
all k cases. TN biopsy agreed in 3 '* 
missing one diagnosis of carcinoma. EN biopsy was 
nrofprred to TN biopsy by all patients 
P It is evident that EN biopsy is accurate (an 

s—KSstf* zrsxx 

then be performed as an out-patient. 
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LYMPHOKINE-TRANSFECTED PROSTATE CANCER 
CELLS GENERATE AN ANTI TUMOR EFFECT IN VIVO. 
*D Branch Moody, *Charles M. Ewing and 'William B. Isaacs. 
Baltimore, Maryland. (Presentation by D. Branch Moody) 

We demonstrate an anti-tumor effect of lymphokine- 
transfected tumor cells against an anaplastic, rapidly growing 
rat prostate carcinoma. Lymphokine-secreting tumors were 
prepared by transfecting cDNA for Interleukin 2 (IL2) and 
interleukin 4 (IL4) into the N'AT LyLu (MLyLu) subline of the 
Dunning rat prostate carcinoma. Injection of the 7x10 MLyLu 
cells produced lethal tumors in 100% of control rats; whereas, 
the same number of IL2-transfected MLyLu cells produced no 
tumors in 32 animals. The lymphokine-transfected cell therapy 
gave partial protection against subsequent injections of 
parental tumor. Ten of 20 animals injected with parental tumor 
2-3 weeks after treatment showed no tumor growth. Animals 
suffered no readily apparent toxicity from the treatment. 
Currently experiments are underway to further define the 
duration of the anti-tumor effect, maximal tumor burden which 
can be treated with IL2-transfected tumor, as well as potential 
synergy between cells transfected with IL2 and cells 
transfected with IL4. The results indicate that interleukm- 
secreting prostate cancer cells result in the rejection of an 
otherwise lethal prostate cancer cell inoculum and give short 
lived partial protection against subsequent challenge with 
parental tumor cells. This work is the first use of this novel 
lymphokine therapy of prostate cancer in animals. 
(OBM supported by American Cancer Society Institutional 
Research Grant.) 
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A NOVEL MULTIDRUG RESISTANCE-1 RELATED PRODUCT 
SYN^E^D EXCLUSIVELY DURING THE REGRESSION OF THE 
RAT VENTBAL PROSTATE GLANQ. llan J. Leibovitch, Carl A 
3£^£ g55SL* and Ralph Buttyan, New Yod, NY and Tel 
Hashomer. Israel (Presentation to be made by Dr. Le.bovrtch). 

The rat ventral prostate gland is an outstanding model l to 
characterize the molecular pathway by which P^rammed h 
(^ptosis) is activated. Castration rapidly induces apoptot.s in 
hX ^ epithelial cells. As with other cell acuities, apoptosn ^quires 
^synthesis of proteins and RNA; thus we can surmise that some 
^u«(s)made after castration is needed for the cell to die We 
na^ S eaoy described constitutive gene products that are induced 
dunng regression. Other gene products have been Wenufied (sutfated 
gWoTein-2 and the Yb1 subunit of glutathione S^ransferase) that 
are so intensely induced they seem specie lor dying cells Our 
studies on the role of multidrug resistance (MDR) genes in the prostate 
has allowed us to identify another member of this latter category, a 
gene product related to MDR-1 P-gtycoprotein. Low agency 
hybridation of Northern Wots containing mRNAfrom regre^vem^al 
prostates shows the intense induction (150-fold) of a 2 k b ranscnp 
(compared to 4.9 kb for MDR-1 mRNA). While undetectable * normal 
ventral prostate, the expression of this mRNA reaches a peak at 3-4 
days after castration and declines thereafter, being barely detectable 
at 1 week. By screening a cONA library made from 3-day castrate 
prostate mRNA we have isolated clones for this gene and sequencing 
studies should determine its relationship to the normal MDR-1 Product 
This Ming provides another member of the regression-associated 
products with which to identify genetic elements determining death- 
specific expression. 
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INVESTIGATION OF RETINOBLASTOMA TRANSCRIPTS IN 
PRIMARY PROSTATIC ADENOCARCINOMA . J. A. Petros 'S^B. 
Dowton. W J. Caulona. St. Louis. MO (Presentat.cn by Dr. 
Petros) 

Tissue has been preserved from 60 patients whose prostate 
was removed for clinically localized prostate cancer 
^?raoDeTatr v e selection of tumor was made, and specimens were 
?ozeJ ^immediately in liquid nitrogen. Messenger RNA was 
S by cesium chloride ultracentrafugat.on and by .ohgo dT 
?esin affinity chromatography Of ^^^S^^m 
Hat** A have shown absence of retinoblastoma IRBJ itwna wnen 
acDNA J?oU Xh hybridizes with the 5' region ftheRBgene 
(kindly provided by Dr. Takahashi, Baylor Co lege of Meteine 
Houston TX) was Jsed in RNA blot analysis. Integnty o rnRHA 
and uniform RNA application to the ^r*SKSoW 
hydridization with an act.n probe Jhese results have not yet 
heen reconfirmed by reanalysis of the same samples, n «rmea. 
thw da?a suggest that the mRNA encoding the R8 I protem s 
oartiallv or w¥olly absent in some pr.mary human prostatic 
adenocarc nomas Investigation is currently in progress^ to 
determine if the 3" region of the RB gene is transcribed in these 
t!moT or f the mRNA is completely absent. Future 
inv«^ nations will address the genomic mutation(s) respons.ble 
fMo^^nSiption. as well as correlation w.tK tumor 
behaviour and patient outcome. 

"SuoDorted by NIH Surgical Oncology Training Grant 
#lT32CA09621-02 and the Urological Research Foundation of 
Washington University 
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Hon. Commissioner of 
Patents and Trademarks 
Washington, DC 20231 

Sir: 

I, Donald P. BRAUN, hereby declare and state as follows: 

1 . I am a citizen of the United States of America and am more than 21 years of 

age. 
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2. I presently hold the title of Administrative Director of the Medical College 
of Ohio Cancer Institute and Professor of Surgery at the Medical College of Ohio, 3120 Glendale 
Avenue, Toledo, Ohio, where I have been employed since 1999. Prior to this position, I held the 
positions of Director, Scientific Program Development and Professor of Medicine and 
Immunology/Microbiology at the Rush Cancer Institute, Rush Medical College, Chicago, Illinois. 
I hold a Ph.D. and M.S. degrees from the University of Illinois at the Medical Center, Chicago, and 
a B.S. from the University of Illinois, Urbana. I have over 25 years research experience in 
immunology, microbiology, and oncology, particularly cancer immunology. My qualifications are 
set forth more fully on the copy of my Curriculum Vitae, attached as Exhibit A. 

3. My only connection with Avax Therapeutics, Inc. ("Avax"), is as a clinical 
researcher. I understand Avax has licensed certainpatentsandpatentapplicationsbyDr.DavidBerd 
(solely or with others) related to haptenization of tumor cells to generate an effective anti-tumor 
immunotherapy ("technology") from Thomas Jefferson University. I am not an employee or 
shareholder of Avax. 

4. I know Dr. David Berd professionally. However, we have not collaborated 
on any research. 

5. The law firm of Darby & Darby, attorneys for Applicant, has retained my 
services as an expert in connection with prosecution of these patent applications. In connection with 
these services, I attended and participated in a personal interview with the Examiner on 
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Thus I have no personal 

Janua , 5 , 2001. The ,w ft. is comp— - for my — 
interest in Avax or the patent applications. 

6 IhaV e r ea d an d a mfe n ul ia IW itnBe r aeta,P I oc A AC R1 ^0,S 2 
ft «o ^sracopyisattachedasExhibi.B). In particular, it is my understand in g tha, 

irB dia,ed, DNP-coniugated „— a cells in combination W «h BCG. 

■*h * hatrtenized melanoma tumor cell 

optimis ,ica« yre po rt sp— — ft -- eWPro,W '- BKa : fordinaryskllUnth e 

tpnw ^ reS ults are preliminary, one of ordinary sku 
eenainaetaiKandbecansebyttsowntetms^tesu 

, • • ^ Rerd 1989 abstract suggests that uus. <w 
pother type of cancer. Notlu„ g m the Berd ,9 

taportantinahostresponsetocancrCExhtbttCp ^ 

, „, OD 28 . 29) . whether to use adjuvants or cytoktnes (Id., P- 29), 
should be used (Id., pp. 28 29), w ^ ^ 

Page 3 

^o&=--- 37C • F ■ R • S, • ,32 



antitumor response wou.d lead to autoimmunity (U )- Furthermore, with respect .o whole oeH 
vaccines, whether to use autologous or syngeneic cells; fresh surgical specimens or ceil lines; 
irradia<ion;reproducibi.i.y ; and other factors (M .P.29,Table2). Thehap.e»i Z a.ionprotocoloftt.e 
Berd 1989 Abstract not only fails to address these variables, but also raises a new issue. 
Consequently, in .989, one of skill in the art wou.d not have viewed Berd .989 as estabhshing an 
effective protocol for cancer immunotherapy. 



8. 



By way of background, as described during the interview, early work on 
developing tumor vaccines in animal models yielded successes far beyond the reality for human, 
Animals used in these models are typically immunocompetent, and the tumor cell lines (unlike 
S po„taneous.umors)bearoneormores,rong»^ 

the ability to generate an immune response cannot be viewed as particularly surprising. Unlike 
animal models, human cancer patients are typically immunosuppresse4, whether from the tumor or 
chemotherapy. Spontaneous human tumors are weak immunogens. Thus me trick is to determine 
how to break tolerance and e.icit immunity in a human subject. In 1992, Hanna and coUeagues 
proposed one route, albeit based on animal data; but ft* results were inconclusive (Exhibit C, p. 
30). Berd and colleagues offered another approach, pretreatmen. with cyclophosphamide to inhibit 
suppressor T lymphocytes (Id.) In the context of these multiple approaches, it was, in 1989, 
unknown and unknowable whether haptenization was a viable appmach to elicit immunity to 
unhaptenized me.anoma cells, much less that the approach could have therapeutic potential. 
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9. In my view as one of skill in the art in this field, the Berd 1989 abstract does 
not provide a definitive protocol. The description of the vaccine is ambiguous, stating that 10-25 
million cells are used. It does not state if these are given as a single injection or divided into multiple 
sites, nor does it specify the route of administration (*.«., intradermal, subcutaneous, or 
intramuscular). It does not specify if the injections are given in proximity to tumor sites or even 
directly into the tumor site (a location that one familiar with the literature at the time would assume 
from a reading of this abstract). It does not state how conjugation to DNP was performed or the 
extentoftumorcellsubstitutionltdoesnotspecifytheratiooftumor cells to BCG microorganisms. 
I, also does not describe the schedule of vaccination beyond stating that vaccine or DNCB 
sensitization occurred 3 days following low dose cyclophosphamide i.v. administration. The 
statement "after 2 vaccine treatments (8 weeks)" is totally ambiguous. It is not clear if this 
rep resentedapoint4weeksfollowingvaccine#2,3weeks following vaccine #2, 2 weeks following 
vaccine #2, or 1 week following vaccine #2. A vaccination schedule of every 55 days could apply 
to what is described as readily as any of the other schedules listed above. Hanna and Peters (Cancer 
Research 1978;38-.204-9, attached hereto as Exhibit D) emphasize the critical importance of dose, 
schedule, route of administration, and ratio of viable tumor cells to BCG organisms in the outcome 
ofautologoustumorvaccines.TheBerdl989abstract,however,providesnoneofmesedetails,no^ 

could theybe deduced. Without these details, one of ordinary skill would be unable to practice the 
technology predictably, and furthermore would have little incentive to view this approach as any 
more promising than a myriad of others. 
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10. There is no indication in the protocol that patients have developed an 
immune response to unmodified cells. The opening statement of Berd 1989 indicates that a 
previous method practiced by Berd using non-haptenized tumor cells induced DTH to melanoma 
cells. But in the Berd 1 989 abstract, DTH testing was done only with DNP-modified tumor cells 
or DNP-modified autologous lymphocytes following patient sensitization with topical application 
of DNCB. The positive reactions described in the Berd 1989 abstract are not surprising given the 
experience of Fujiwara (J Immunol 1980;124:863-869; attached hereto as Exhibit E), Sherman (J 
Immunol 1979;123:501-502; attached hereto as Exhibit F), and others using haptens to sensitize 
hosts against haptenized target cells. However, the vaccine protocol of the invention involving 
intradermal injection of hapten-modified autologous tumor cells, results in DTH to autologous non, 
ha ptenized tumor cells, nn- ^w^i^ntWheen anticipated norexpected as aresultofwhat 
is described in the Berd 1989 abstract or from what was known in the literature. 

1 1 . There is no convincing indication that the patients described in the Berd 
1 989 abstract received any clinical benefit The descriptions of inflammatory reactions, CD4 and 
CD8 infiltration, and fluid accumulation over tumor lesions is no indication of clinically significant 
tumor regression (defined by those practiced in the art as a greater than 50% reduction in tumor size 
without concomitant progression in other sites). In fact, the description of lesion changes in the 
patients would be expected at the time of its publication, since one would presume based on 
Fujiwara (Exhibit D), that the patients had been sensitized to DNCB and then injected intratumorally 
withDNP-modifiedtumorcells. A skilled immuno-oncologist would have presumed that the tumor 
cell vaccine, which produced the described physical changes in proximity to tumor sites after only 

. , ». n «A Docket No - 1225/0C674 
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two vaccine treatments, had been administered by intratumoral injection as taught by others (while 
not practiced by the Berd protocol developed subsequent to the 1 989 Abstract). The same outcome 
would have been seen if the patients had been sensitized to BCG and then injected intratumorally 
with BCG. Thus, the description of the lesion changes in the 1989 Abstract would be impossible 
to interpret as indicative of a clinical response to a systemic vaccine. A reader would assume that 
a clinically meaningful tumor regression, if present, would have been reported in the abstract, and 
that the absence of such a report represented uncertainty. 

12. For all of these reasons, the Berd 1989 abstract does not disclose a method 
for the successful vaccination of cancer patients using haptenized autologous tumor cells. 

13. A final basis for the above statement can be deduced from Exhibit C. As 
discussed above, this review cites the work by Hanna and Hoover (references 7-9), and the work by 
Berd et al. employing non-haptenized melanoma cells (reference 10), among a number of hopeful, 
even promising, research approaches to cancer immunotherapy. Had the Berd 1989 abstract been 
indicative of a clinically meaningful vaccine methodology, that approach would have been 
considered in the review as well. 

14. I declare that all statements made herein of my own knowledge are true, and 

that all statements made on information and belief are believed to be true. I further declare that these 

statements were made with the knowledge that willful false statements and the like so made are 

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
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code and that such willful false statements may jeopardize the validity of the instant application or 
of any patent issued thereupon. 



Date: 



Respectfully submitted, 



Donald P. Braun, Ph.D. 



Enclosure: 



Exhibit A 
Exhibit B 
Exhibit C 
Exhibit D 
Exhibit E 
Exhibit F 



Curriculum Vitae of Donald P. Braun, Ph.D. 
Berd et al., Proc AACR1989;20:382 
Braun and Harris, Biotechnol J 1993; 1, No. 3. 
Hanna et al., Cancer Research 1978;38:204-209 
Fujiwara et al., J Immunol 1980;124:863-869 
Sherman, J Immunol 1979;123:501-502 



M:\1225\OC674\PXS0O61.WPD 



BUSINESS ADDRESS: 



HOME ADDRESS: 



PERSONAL: 



Born: 



CURRICULUM YITAE 

Donald P. Braun, Ph.D. 

January, 2000 

Medical College of Ohio Cancer Institute 

Medical College of Ohio 

3120 Glendale Avenue 

Toledo, Ohio, 43614 

Phone: 419-383-6632 

Fax: 419-383-6714 

e-mail: dbraun@mco.edu 

14954 Stonehaven Dr. 
Perrysburg, Ohio, 43551 

New York, NY; March 7, 1950 

SS # 355-44-2224 

Married: Judy Braun 

Children: Jennifer, Matthew, Bethany 



EDUCATION AND TRAINING: 

1972 University of Illinois, Urbana, IL, B.S. degree. 

1974 University of Illinois at the Medical Center, Chicago, IL, M.S. degree. 

1976 University of Illinois at the Medical Center, Chicago, IL, Ph.D. degree. 

CHRONOLOGY OF EMPLOYMENT: . ...... 

19764977 Research Associate, Department of Microbiology, University of Illinois at the 
Medical Center, Chicago, IL. . . A - i 

1977- 1978 Instructor, Department of Microbiology, University of Illinois at the Medical 

1978- 1979 SSihSSSite, Section of Medical Oncology, Rush-Presbyterian-St. Luke's 

Medical Center, Chicago, IL. 

1979- 1980 Instructor, Department of Medicine; Assistant Professor Department of 

Immunology/Microbiology, Rush Medical College, Chicago, IL. 

1981-1983 Assistant Professor, Department of Medicine; Assistant Professor, Department of 
Immunology/ Microbiology, Rush Medical College, Chicago, IL. 

1983-1987 Associate Professor, Department of Medicine; Assistant Professor, Departmentof 
Immunology/Microbiology, Rush Medical College, Chicago, IL. 

1987 Associate Professor, Department of Medicine; Associate Professor, Department 

of Immunology/Microbiology, Rush Medical College, Chicago, IL. 
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Donald P. Braun, Ph.D. 



1989 
1993-1999 



Associate Director, Section of Medical Oncology (for Research); Associate 
ProS , Department of Medicine; Associate Professor, Department of 
m^unology/Microbiology, Rush Medical College Chicago IL 
1993 -1999 Doctor, Scientific Program Development. R ^ 
\Z\ iQQQ Professor of Medicine and Immunology/Microbiology. 
Ksent AdtnLtive Director of the Cancer * Ohio 

19 Professor, Department of Surgery, Medical College of Otno. 

983 19 5 Memlr Small Business Innovation Grant Review Study Section, NCI. 

985-1988 Member, Experimental Therapeutics I Study Section, NCL 

985 Chairman, Experimental Therapeutics Special Study Section, NC . 

985 1992 BioTogica Response Modifier Committee, Illinois Cancer Counc 

Sing Member, Arizona Disease ^ontrol Research Commission. 

1O5SM0RQ Member Chicago Leukemia Research Society. 

98 8 " 989 Membe Small Business Innovation Grant Review Snidy Section NCI. 

present M - JSffil^W - * Cancer", Nation, 
Cancer Institute/CTEP. 

Division-ad hoc review. 



CONSULTANT POSITIONS: 

Burroughs Wellcome, 1983-1984 
Pfizer Pharmaceutical, 1986-1988 
Boehringer Mannheim, 1991-1993 

Abbott Laboratories, 1993 . . nr « ent 

Institute for the Study and Treatment of Endometriosis, 1990-present 

Adeza Biomedical, 1993 

Imutec Corporation, 1993-present iQQ5-oresent 
Imutec Corporation; Chairman, Medical Advisory Board July, 199! pre**. 
feKinetic Inc.; Chairman, Medical Scientific Advisory Board. 1997-present. 
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COMPETITIVE EXTRAMURAL GRANT AWARDS: (note: as Principal Investigator or co- 
Principal Investigator only) XTTTT/XT^T #rAn«Q8 

1 "Cancer Drug Effects on Patient Suppressor Cells" . Source: NIH/NCI # CA27598 
Period of Support: 09/01/80-03/3 1/87; as co-Principal Investigator. 

2 "Immune Testing in Lung CA During Specific Immunotherapy". Source: NIH/NCI # 
CA26138. Period of Support: 07/01/80-06/30/83; as co-Principal Investigator. 

3 "A Phase I Clinical Trial of Natural and Recombinant Interleukin-2 (IL-2). 

Source- NIH/NCI # RFA No-1-CM47667-BRM-MA01. Period of Support: 09/30/84- 
03/31/87. Subcontract from the Illinois Cancer Council; as Laboratory Principal 
Investigator for Rush Component. 

4 "Phase IB and/or Phase II Clinical Trial of Natural and Recombinant Interleukin-2 (IL-2). 
Source: NIH/NCI # RFA No-1 CM47667-03 BRM-MA-04. Period of Support: 09/29/85- 
02/28/89. Laboratory Principal Investigator for Rush Component. 

5 "Arachidonate Metabolism in Cancer Patient Macrophages". Source: NIH/NCI # 
CA41741 .Period of Support: 07/01/88-06/30/92; as Principal Investigator. 

6 "LAK Function in Tumor-Infiltrating Leukocytes of Cancer Patients" . Source: American 
Society of Clinical Oncology- 1990 Young Investigator Award to E. Staren, M.D.; as 
Mentor. 

7 "Cancer Patient Macrophage Function in Tumor Environments". Source: NIH/NCI 
#CA58922. Period of Support: 12/31/92-07/01/96 as Principal Investigator. 

8 "American Cancer Society New Investigator Grants in Cancer Research". Source: 
' American Cancer Society. Period of Support: 06/31/95-07/01/97 as Principal Investigator. 

9 "Cancer Drug Modulation of Tumor Sensitivity to Macrophages" . Source: NIH/NCI, 
period of support: 12/01/00-11/30/05, as Principal Investigator, status-pending. 

10 "Cyclooxygenase Metabolism in Cancer Patient Psychoneuroimmunology". Source: 
* American Cancer Society. Period of Support: 01/01/01-12/31/06, as Principal 

Investigator. Status-pending. 

NONCOMPETITIVE EXTRAMURAL FUNDING: (as principal or co-principal investigator) 

1 "The Effect of CGS13080, CGS14854 and CGS53913 on Arachidonic Acid Metabolites 
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out of 6 patients were strongly positive for gp37 Ag with 
incense surface membrane staining. The binding of ; '-**f9 
radiolabeled SH2 to CTCL calls wa* studied for inhibition:*! 
the. presence of the anti-Id mAb* 4CA2 and A DC 6 which mimic oi 
the gp37 Ag. Both clone* inhibited the binding 100Z and. SOX 
respectively at a concentration .of 50 ng. We also generated 
a murine Ab3 mAb ( anti-ant i-Id) by immunizing. mica with then 
anti-Id mAb (Ab2). This Ab3 mAb react* with CTCL call* to*} 
an Identical fashion a* the original Abl (SH2). — •lifj! 

CoUectlvely, these data suggest that Ab2 4EA2 and 4DC6 mays 
be useful for active Immunotherapy of CTCL patient*. :Va*va^ 
plan to study the CTCL patients in a phase I clinical trlali: 
to determine the effect* of thl* type of therapy on variouar. 
component* of the Immune system (both humoral and cellular^: 
and try to identify the criteria to select patient* who may- 
benefit from ant 1-ldlo type vaccine therapy. • = 
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Inhibition of Tu-or-Indwred Supprea morT Lymphocyte (Ta) 
Activity by Marine Interferoa *eta <HM). Deepak M. 
Sahaarabudhe, Dnlver.lty of Roche. ter Cancer Center. 
Rochester, HT, 14642 

In some tumor modal. Inhibition of T.-activlty la a pre- 
requl.lte to .ucce..fui Immunotherapy. Based oo our data 
in the DHFB model (J Exp Had 166.1573, 1987 the effect 
of IFK-B on F815 ma. tocytoma- Induced T«-activity waa 

"*lTtM. «>d«l. concomitant antler i— »"T ( ^^* k ' 
by Day 10 and I. down regulated by Ta by Day 15. Cyto- 
toxicity generated after a mixed lymphocyte tumor culture 
(KLTC) correlate, with In vivo I— unity and suppression of 
cytotoxicity correlate with in vivo *a-acclviry. 

Tumor, were initiated by Injecting 2 x "6*815 cella 
subcutaneou.ly on Day I. IFH-B (100, 1000U. 5000D) or 
buffer were Injected l.v. every other day x * Jose, .cart 
ing on Day 5. On Day 16, KLTC'. were set up. Five day. 
later a cytotoxicity a««ay waa performed against 51Cr 
labelled P815 cell.. I .peclflc lyala la .hown. Humber. 
In p.renthe.l. represent the do.e of IFH-B. 



EiT 


Tc 
♦ 

Tc Halve 


Tc 
T« +T. 


Tc 

T. +T. 

(10) (10) 


Tc 

Ta +T. 

(1000H1000) 


Tc 

Ta +T. 

fSOOOHSOOO) 


SOil 
25il 
12tl 
6.1 
3.1 


88 61 
64 76 
78 79 
70 69 
56 55 


0 19 

0 12 
2 15 

1 7 
0 8 


6 22 

2 21 

3 24 

0 9 

1 13 


23 20 
I 21 
6 23 
0 20 
0 12 


81 84 
63 75 
58 81 
38 64 
21 48 



Treatment with IFH-B 5000U every other day x 6 do.e. 
abrogated T.-actlvity without adver.eiy affecting 
cytotoxicity. IFH-B may be a u.eful adjunct In the 
Immunotherapy of .elected tumors. 
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Syngeneic murine mooodonal antiidiotypes bearing the internal^ 
image of a human breast cancer associated antigen. J. Scbraitz J5 
and H. Ozer. The Dept. of Microbiology, S.U.N.Y. at Buffalo^ 
Buffalo, NY 14214 and the Division of Medical Oncology, The i 
Univ. of North Carolina at Chapel Hill, Chapel Hill, NC 27599. ' 

According to Jerne's network theory, some antiidiotypes. , 
Ab2) mimic external antigens recognized by specific antibodies. 4 
^Abl) and may be used in place of antigen for immunization- Toe 
murine monoclonal antibody F36/22 (IgG3, *), specific for ductal ^ 
carcinoma antigen (DCA) was used to generate syngeneic^ 
monoclonal antiidiotypes bearing the internal image of UCA-.^, 
Female BALB/c mice were inoculated intraperitonealry cvety. r 
other week with 100 ag of F36/22 coupled to keyhole Uxnpct 
hernocyanin; the first time in complete Freund's adjuvant and. 
subsequently in incomplete adjuvant. Splenic rymphocytes were (fl 
rusedwith the murine cell line P3X63 Ag6\653 3 days after jhe , 
fourth immunization- using 50% polyethylene glycol («\ v. 
Two hybrids, MTO-1 and MTO-2, were selected based on the 
ability of culture supernatants to bind to F36/22 but not to tne 
control antibody 2A31F6 (IgG3. *) in an enzyme ^vte& h 
immunosorbent assay (EUSA) and cloned by limiting ^on..: 
Paratope specificity of Ab2 was demonstrated in two gJ-P^ t 
assays. First, the binding of labeled F36/22 to DCA was inhibttcd. 
100% and 75% by l£$ig of MTO-2 and MTO-1 respectively.. 
Second, the binding of labeled Ab2 to Abl was mhibued W. 
purified DCA. MTO-1 neither enhances nor inhibits the wnoing 
of labeled MTO-2 to Abl although In the presence of Miu-A, 
binding of labeled MTOl is enhanced by 100% mdicaite UJ« , 
these Ab2 recognize disu'net idiotopes. Rabbits wnniutu^w 
weekly with MTO-l or MTO-2 developed antibodies that bouno 
specifically to DCA demonstrating that MTO-l and MTO^ZD^ 
xQ internal image of DCA. These data suggest that MTO-l and 
MTO-2 could potentially be utilized to imm " n ^/ l ^:{Sc 
patients against progression or development, of DCA R? 511 , 
tumors. 
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Timor vaccination 
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Rush Medical College of Rush University 



An autologous 
whole-cell vaccine 
has been shown 
to induce DHR 
to the whole-cell 
component, as 
well as significant 
regression 
of metastasis 
in patients 
with metastatic 
malignant' 
melanoma. 
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Tumor vaccination is an active, specific 
immunotherapy for malignant dis- 
ease. It may be defined as "the admin- 
istration of tumor cells, modified tumor cells, 
or tumor-cell surface-membrane preparations 
to stimulate or to augment various compo- 
nents of antitumor immunity to induce tumor 
regression or to prolong tumor remission 
achieved by conventional therapy." 1 

Vaccines also may be considered a type of 
biologic response-modifier therapy. The ap- 
proach is based on the belief that the host is 
capable of mounting an effective immune 
response against tumors if appropriately 
stimulated, a belief that was first advanced 
around the turn of the century. 2 The concept 
of immunologic surveillance, which evolved 
some 40 to 50 years later, suggested that the 
human host was capable, under certain cir- 
cumstances, of rejecting a tumor essentially 
in the same manner as a homograft was 
rejected. 3 

The first attempt to vaccinate humans 
against cancer was undertaken in 1902. 4 In 



Antitumor Immune 
Mechanisms 



• Activated macrophage cytotoxicity 

• Cytotoxic T cells \/ 

• Natural killer (NK) cells 

• Lymphokine-activated killer cells 

• Humoral antibodies (complement 
dependent) 

• Antibody-dependent cellular cytotoxicity 
(complement-independent, macrophage, 
neutrophil or NK-cell-dependent) 



this initial attempt, fluid was extracted from 
tumors in patients with advanced disease. 5 
Over the next 50 years, a great variety of 
tumor cell preparations obtained from autolo- 
gous or allogeneic tumors were used, gener- 
ally to treat patients with advanced disease. 

Fresh interest in the clinical potential of 
tumor vaccination was stimulated in the 
1950s and 1960s by experimental studies 
conducted in syngeneic rodents. These dem- 
onstrated unequivocally that chemically in- 
duced and virally induced tumors had both 
shared and uniquely individual tumor- 
specific transplantation antigens (TSTAs). 

Humoral and cellular immune responses 
were shown to exist in patients with cancer; 
these were found to be directed against 
tumor-associated antigens (TAAs) rather 
than against TSTA. Also, TAAs were found 
on embryonic cells and tumor cells. The 
"unique antigens" on human tumor cells 
appear to result from tumor cell dedifferenti- 
ation for display of a partial embryonic-cell- 
membrane antigenic profile. Other TAAs 
arise as a consequence of the modification of 
normal "self antigens producing an "al- 
tered self phenotype. 

MANY UNRESOLVED CLINICAL ISSUES 

The principal human immune responses to 
tumor antigens are listed in Table 1. It has not 
been definitively established which of these 
immune responses, alone or in combination, 
are the most important in a host response to 
cancer, nor is it clear which should be tar- 
geted for stimulation with tumor vaccination. 
There are many unresolved issues pertaining 
to the actual vaccine formulation that need to 
be addressed; some of these depend on 
whether the vaccine formulation is based on 
intact tumor cells (Table 2) or tumor cell 
extracts or products (Table 3). 

In addition to vaccine formulation, several 
other questions remain: 

■ Should cellular extracts or whole cells 
be mixed with immunomodulating adjuvants 



to increas e tumor vaccine immunogenjc ity? 
f ■ Should fiimor vaccines with or without 
[adjuvants be used alone or in combination 
with cytotoxic drugs that can modulate or 
suppress undesirable immune responses? 

■ Should cytokines be used to augment 
immune responses to a vaccine? 

■ Is there a place for tumor vaccination in 
patients with advanced cancer? 

■ What is the appropriate dose, schedule, 
and route of administration for effective 
tumor vaccination? 

■ What measurement or surrogate biologic 
end point can be used to assess the biologic 
effectiveness of the vaccine? 

■ Will the immune response against TAA 
"produced by a human tumor vaccine be selec- 
tive and specific for tumor cells or will 
autoimmune reactions against normal cells 
be a possible toxicity associated with 
vaccination? 

Advances in molecular genetics and the 
availability of monoclonal antibody reagents 
now make it possible to purify cells and cell 
components with defined and unique anti- 
genic characteristics for use in human tumor 
vaccines. However, a number of the promis- 
ing clinical trials of tumor vaccination con- 
ducted in the 1970s and 1980s used relatively 
simple and empiric methods of tumor vacci- 
nation preparation. 

In one study, surgically resected stage I 
and II lung cancer patients were treated with 
a vaccine prepared from allogeneic tumor 
cells. 6 Cell membranes from viable tumor 
cells were subjected to low-frequency sonica- 
tion and the soluble material separated with 
Sephadex G-200. Polyacrylamide gel electro- 
phoresis was used to purify protein band 
material, which could elicit delayed hy- 
persensitivity reactions (DHRs) in lung 
cancer patients. This material was adminis- 
tered intracutaneously in combination with 
Freund's complete adjuvant (FCA) in a se- 
ries of three injections at monthly intervals 

Jbeginning abo ut 1 month after surgery^ 

^pnoTstmiier suggested mat this form of^ 
therapy delayed or prevented tumor recur- 
rence. The approach was tested in a large 
multicenter clinical trial, which found no 
difference in survival between control pa- 
tients and patients treated with FCA alone or 
with FCA and tumor antigen. 6 No autoim- 
mune toxicity was noted during the course of 
these studies. Peripheral blood monocytes 
producing excessive amounts of prosta- 
glandins appeared in the circulation prior to 



Critical Issues for 
ttTioIc-Tumor-Cell Vaccines 



Should autologqus or allogeneic cells be 
employed? 



gtjus or^allo^e 



Should cells be obtained from fresh surgical - 
specimens or from tissue cell lines? 

Should ceils first be irradiated to maintain ^ 
their membrane integrity but prevent their 
proliferation? 

How can the reproducibility of vaccine 
preparation be assured? 

How can whole tumor cells be used that are 
gene modified for the following phenotypic 
changes (individual or in combination) to 
enhance immunogenicity: (1) expression of 
HLA class ! or II antigens and/or adhesion 
molecules; (2) secretion of immuno- 
modulatory stimulating cytokines, such as 
interleukin-2 or tumor necrosis factor; and 
(3) secretion of chemotactic cytokines? 



clinical relapse in patients who failed in all 
three arms of the study. 

Further analysis of this clinical trial, how- 
ever, suggests that a survival benefit may 
have been obtained in the fraction of patients 
in whom careful attention was paid to thor- 
ough homogenization of tumor antigen in the 
FCA. Vaccinated long-term survivors also 
may have developed more intense DHRs to 
tumor antigen. The methods employed in this 
study, although important and innovative, 
need to overcome the problematic nature of 
the technique's purification process and re- 
producibility (Table 3) before wider applica- 
tio n in hu ma ns is feasible , ^ 

X tumor vaccination study in patients with \ 
surgically resected Dukes B 2 through col- 
orectal cancer was conducted, based on rigor- 
ously evaluated preclinical experimental ani- 
mal data in which requirements for effective 
immunotherapy were established. 7 An ele- 
gant series of studies of a guinea pig line-10 
hepatocarcinoma model showed convincing- 
ly that bacillus Calmette-Gudrin (BCG) ad- 
mixed with syngeneic tumor cells could in- 
duce sufficient systemic immunity to elimi- 



The concept 
of immunologic 
surveillance... 
suggested that 
the human host 
was capable 
under certain 
circumstances of 
rejecting a tumor 
essentially in the 
same manner 
as a homograft 
was rejected. 
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Humoral and 
cellular immune 
responses were 
shown to exist in 

patients with 

cancer; these 
were found to be 
directed against 
tumor-associated 

antigens.... 



nate a limited metastatic disease burden. 8 
These studies controlled for variables such as 
the number and viability of tumor cells, and 
ratio of viable BCG organisms to tumor cells. 
In the pilots that evolved from these trials, 
patients were randomized to a control arm or 
were vaccinated with their own tumor cells, 
obtained from surgical specimens at the time 
of operation and cryopreserved until thawed 
and irradiated prior to use. 9 Treated patients 
underwent a schedule of three intradermal 
vaccine treatments weekly beginning 4 to 5 
weeks after tumor resection. 

The first two vaccine preparations con- 
sisted of irradiated cells and BCG; the third 
vaccine preparation was composed of irradi- 
ated tumor cells alone. Vaccinated patients 
developed augmented DHR to their autolo- 
gous tumor cells with greater frequency than 
nonvaccinated patients. A DHR increase to 
autologous normal intestinal mucosa cells 
was not seen. An Eastern Cooperative Oncol- 
ogy Group trial is now evaluating this ap- 
proach for surgically resected Dukes B 2 and 
B 3 patients. 

FIRST TRIALS WITH HUMAN 
TUMOR VACCINES 

These studies, the first truly large, random- 
ized, controlled, multi-institutional clinical 
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Critical Issues for 
Ttimor-CcII-Extracl 
Vaccines 

What method of antigen extraction should 
be employed? 

Should material be derived from a single 
source or should pooled material from a 
number of sources be used? 

What methods are to be used to identify 
material in cellular extracts that will produce 
the most effective stimulation of antitumor 
immune responses? 

Should extracted material be separated from 
HLA antigens that are present on both 
normal and malignant cells? 

How can reproducibility of vaccine 
preparation be assured? 



trials of human tumor vaccines for solid 
tumors, are examples of the use of whole 
cells and cell extracts for human tumor- 
vaccine preparation. In each case, an ad- 
juvant substance was added to enhance the 
immunogenicity of the vaccine. 

An autologous whole-cell vaccine has 
been shown to induce DHR to the whole-cell 
component, as well as significant regression 
of metastasis in patients with metastatic ma- 
lignant melanoma. 10 Patients received cyclo- 
phosphamide before the vaccine in an at- 
tempt to modulate the activity of suppressor 
T-lymphocytes. The vaccine was prepared by 
methods similar to those previously de- 
scribed 7 and combined with BCG. 

Other investigators have also used cyclo- 
phosphamide to inhibit suppressor T-lym- 
phocyte activity prior to the administration of 
a malignant melanoma vaccine. 11 The vac- 
cine preparation consisted of mechanically 
disrupted allogeneic tumor cells from mela- 
noma cell lines. The concentration of vaccine 
was standardized in the preparation through 
measurements of a melanoma-associated 
antigen. 

Measurement was performed by binding 
inhibition enzyme immunoassays using a 
monoclonal antibody. The vaccine was given 
subcutaneously with an adjuvant consisting 
of detoxified endotoxin (monophosphoryl 
lipid A) mycobacterial cell wall skeleton and 
squaPane oil. In this trial, regressions of 
disease were seen in patients with metastatic 
disease. 

VIRAL ONCOLYSATES FOR HUMAN 
TUMOR VACCINATION 

The use of viral oncolysates for human tumor 
vaccination combines the potential immuno- 
genic benefit of whole cells with the value of 
cell extracts. 12 Viral oncolysates are homoge- 
nates of virus-infected cells. The virus in the 
mixture is believed to have an adjuvant rather 
than an antigenic role. Allogeneic and autolo- 
gous viral oncolysates have been used in 
human immunotherapy. Influenza virus and 
vaccinia virus have been most frequently 
used in the preparation of viral oncolysates 
since the first report of this procedure in 
1974. 13 

Pilot studies have suggested a protective or 
therapeutic benefit for viral oncolysates in 
gynecologic cancer, melanoma, and sarcoma. 
However, these reports must be considered 
anecdotal until larger randomized inves- 
tigations are conducted. 
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Vaccine given at 0, 2, 6, 10, 14 wk 
Boost at wk 24 and 28 



Immunoglobulin (Ig) 
Positive lymphoma 



Fuse and select 
hybridomas secreting 
tumor Ig 



Conjugate tumor 
Ig to keyhole limpet 
hemocyanin (KLH) 



Ig-KLH Vaccine 




Antiidiotype: Idiotype 
(T-cell receptor) 
Cellular immunity 



Anti-idiotype: Idiotype 
Humoral immunity 



Assess development of both 
humoral and cellular immunity 




It may be possible to vaccinate against 
some human cancers by immunizing against 
those few viruses presently known to be 
associated with cancer in humans. Hepatitis 
B virus infection is associated with the devel- 
opment of primary hepatocellular cancer. Im- 
munizing against this virus will prevent its 
hepatic damage and may reduce the inci- 
dence of associated cancer. 14 

Finally, one of the most innovative ap- 
proaches to tumor vaccination that has been 
developed relies on the use of idiotypic 
molecules that reiterate the molecular 
configuration of tumor-associated antigens. 
This approach is based on principles that 
predict that the variable regions of immuno- 
globulins and T-cell receptors that are 



responsible for antigen recognition are them- 
selves capable of provoking both B-cell and 
T-cell immunity. 15 

These concepts led other investigators to 
vaccinate patients who have B-cell lym- 
phoma with the autologous immunoglob- 
ulins from each patient's tumor following 
cytotoxic chemotherapy 16 (Figure). Vacci- 
nated patients developed either humoral im- 
munity, cellular immunity, or both; in the 
two patients with measurable disease, com- 
plete tumor regression was observed. These 
preliminary results demonstrate the feasibil- 
ity of idiotypic vaccination for B-cell and 
T-cell malignant diseases and suggest that 
similar approaches might also be developed 
for nonlymphoreticular malignancies. 



FIGURE* 



Strategy for idiotype vaccination. 
Source: Adapted from Kwak LW, 
Campbell MJ, Czerwinski DK, 
Hart S, Miller R, Levy R. Induc- 
tion of immune responses in pa- 
tients with B cell lymphoma 
against surface immunoglobulin 
idiotype expressed by their tu- 
mors. N Engl J Med. 1992; 
327:1209-1215. 
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ABSTRACT 

W* evaluated the use of Bacfflus Catmeto-Querin ad- 
mixed with tumor cells as a vaccine to Induce systemic 
Sr immunity for therapy of •^^"Jf^K 
static) disease. In several experiments inbred* tra n 2 
guinea pigs were given U. Injections 
10- syngeneic U0 hepatocarclnoma cells, and initial vac- 
Sons were administered either 1 or 4 days after tumor 
inoculation. Variables In vaccine preparation, such as 
ratio of viable Btcittus Catrrwtte-Gutnn organisms to 
tumor cells, procedures for freezing the tumor ceils, x< 
ray treatment of tumor cells, and vaccination regimen 
were evaluated. The studies demonstrated that under 
defined conditions nontumorlgenic vaccines of Backus 
Catmette-Guerin and tumor cells can cure the majority of 
animals of otherwise lethal visceral micrometastases. 

INTRODUCTION 

The strategy of immunotherapy for cancer in experimen- 
tal animal models and humans is limiled by many factors 
Including the stage, type, and location of the tumor; the 
level of antigenicity of the tumor cells; and the status of the 
host immune response. Clinical immunotherapy has been 
proceeding with relatively limited guidance from experi- 
mental animal models. Of the several approaches to immu- 
notherapy of localized tumor and/or disseminated minimal 
residual tumor, immune potentiation by microbial agents 
has received the greatest attention. The most encouraging 
experimental and clinical data to date have resulted from 
protocols consisting of bacterial vaccines or nonspecific 
immunostimulants. primarily Mycobacterium bovis strain 
BCG, 2 administered i.t. (17. 18. 21) or systemicaily either 
alone (7, 8. 16) or admixed with tumor cells in the form of a 
vaccine (22, 23). One impetus for the use of BCG in 
immunotherapy has been the development of an experi- 
mental system that meets some of the requirements of a 
model to study an established tumor with regional lymph 
node metastasis (19), It has been demonstrated that regres- 
sion of transplanted syngeneic hepatocarcinomas growing 
in the skin of inbred strain 2 guinea pigs and elimination of 
regional lymph node metastases are achieved in the major- 
ity of animals after i.t. injection of viable BCG (12, 26). This 
particular aspect of immunotherapy in the guinea pig 
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model, although intriguing, is very limited with respect to 
the type, stage, and location of the tumor as well as with 
respect to the route of administration of BCG. Nevertheless, 
the initial studies established 1 fact that has broad implica- 
tions. During BCG-mediated tumor regression and elimina- 
tion of regional lymph node metastases, there is the devel- 
opment of systemic cell-mediated tumor immunity demon- 
strated by rapid rejection of a second tumor challenge 
several weeks after BCG treatment (11. 25, 27). This is a 
very important aspect of the model since it Is known that, 
at the tumor stage when BCG administration Is optimally 
effective, surgical excision of the tumor and regional lymph 
node would also be curative. However, no significant devel- 
opment of tumor immunity is achieved with surgery alone. 

We recently demonstrated the effectiveness of tumor 
immunity induced by i.t. injections to eliminate artificially 
produced distant tumor foci (9, 10). This aspect of the BCG 
therapy model becomes important when one considers 
that adjuvant immunotherapy has been primarily tested in 
cancers for which control of primary tumors is available 
with surgery, radiotherapy, and/or chemotherapy, but 
where there is a substantial rate of relapse. Recurrence is 
usually thought to be due to a small number of residual 
tumor cells. Adjuvant immunotherapy is intended to eradi- 
cate the residual tumor cells by enhancing immunological 
mechanisms. However, based on all that we have learned, 
the translation to humans of the results of i.t. BCG injection 
in the guinea pig model would require careful attention to 
certain aspects of the treatment. These include tumor 
stage, dose, injection, route, regimen, and source of BCG. 
This is not always possible in human cancer, for which 
immunotherapy is often used for advanced cancer after 
other forms of treatment have failed, in addition, this model 
is inappropriate for cases in which i.t. injections are not 
possible. 

An important advance in this guinea pig immunotherapy 
model would be to achieve effective systemic tumor immu- 
nity without the i.t. injection of BCG. We have approached 
this problem by systematically evaluating the ability of vac- 
cines of BCG admixed with tumor cells to eliminate a 
disseminated tumor burden. Although previous attempts at 
BCG-tumor cell vaccine immunotherapy both in inbred 
guinea pigs (3) and in humans (see Ref . 20 for review) have 
been limited and somewhat discouraging, relatively little 
has been done to determine the optimal conditions for 
vaccination. Here we investigate a number of variables 
such as the ratio of viable BCG organisms to tumor cells, 
the freezing procedures, the X-ray treatment of cells, and 
the vaccination regimen. Although these factors cannot 
possibly be investigated systematically in humans for ethi- 
cal reasons, they can be studied in the guinea pig model. 
Our studies demonstrate that, under defined conditions. 
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nontumorigenic vaccines of BCG and tumor cells can cure 
the majority of animals with lethal disseminated tumors 
established as visceral micrometastases. 

MATERIALS AND METHODS 

Animals. Inbred male Sewall Wright strain 2 guinea pigs 
were obtained from the Frederick Cancer Research Center 
Animal Breeding Section. These guinea pigs were shown 
to be hlstocompatible by skin .grafting. They were housed 6 
to 10 per cage and fed Wayne guinea pig chow and kale; 
they weighed 400 to 500 g at the beginning of the experi- 
ments- 

Tumors. Induction of primary hepatocarcinomas in strain 
2 guinea pigs after they were fed the water-soluble carcin- 
ogen, diethylnitrosamlne, was described previously (19). 
The antigenic and biological properties of the transplanta- 
ble ascites tumors developed from the primary hepatocar- 
cinomas have also been described (28). 

Ascites hepatocarcinoma cells. L10, were harvested and 
washed 3 times in HBSS and diluted to desired concentra- 
tions. One-ml doses of L1Q. ranging from 10 4 to 10 fi cells/ 
dose, were injected into the dorsal vein of the penis, 
producing artificial vascular metastasis. Injections of 10* 
cells resulted in the death of approximately 70 to 80% of 
the "animals, whereas 10* and 10 6 cells were fatal to all 
animals. The times of death varied as a function of dose, 
and all animals died as a result of metastasis to the lung, 
mediastinal lymph nodes, and hilar lymph nodes with con- 
current visceral metastases. 

BCG. M. bows strain BCG (Phipps strain TNC 1029) was 
obtained from the Trudeau Institute (Saranac Lake. N. Y.). 
Preparations of BCG. stored at -70°, were rapidly thawed 
in a 37* water bath and diluted to proper concentrations. 

Vaccine Preparation. The L10 tumor was maintained by 
i.p. passage in guinea pigs. Ascites cell preparations were 
removed and washed in HBSS. The 110 cells used in 
vaccine preparation were either fresh or frozen and thawed. 

in preparation for freezing, the cells were concentrated 
and suspended in an equal volume of chilled 15% dimethyl 
sulfoxide plus 10% fetal calf serum-HBSS solution. The 
final suspension was 2 to 6 x 10 7 cells/ml. Two-ml aliquots 
of the L10 cell suspension were frozen at controlled rates 
in a Unde BF4 Biological Freezer at -1*7 min to the critical 
freezing point, flash-frozen through the heat of fusion, and 
continued at -17min to a final temperature of -60°. The 
rate of freezing was monitored on a Honeywell Electronic 
III. The vials were stored in liquid nitrogen. The rationale 
for this method of freezing has been described in detail 
elsewhere (14, IS). The vials were rapidly thawed in a 37° 
water bath. Frozen-thawed cells were slowly diluted to 50 
ml in HBSS, washed once, and resuspended in preparation 
for X-irradiation. Suspensions of fresh and frozen-thawed 
cells were X-irradiated in SO-ml beakers on ice. X-irradiation 
was performed with a Phillips MG 301 X-irradiation unit at 
500 R/min. A total X-irradiation dose of 20,000 R was 
achieved. Cell viability counts were performed with the use 
of the trypan blue dye exclusion test, and viability after 
irradiation of either fresh or frozen-thawed cells was gen- 
erally 90%, with less than 10% variation between the fresh 
or frozen-thawed cells. 



BCG (10* organisms/ml) was added in equal volume to 
viable L10 (10 B cells/ml) for a vaccine ratio of 10:1. A 
vaccination consisted of an i.d. injection of 0.2 ml. For 
ratios of 1 :10. BCG (10* organisms/ml) was diluted 1:100 in 
HBSS. and aliquots were mixed with 10 l viable L10 cells/ 
ml. These vaccinations also consisted of an i-d. injection of 
0.2 ml. All vaccinations were performed less that 1 hr after 
the BCG-tumor cell mixtures were prepared. 

In preliminary vaccination experiments, the L10 cells 
were irradiated with 12.000 R; however, we noticed that, 
although this irradiated ceil preparation was not tumori- 
genic when admixed with BCG, tt was tumorigenic when 
administered i.d. in the absence of BCG. We were con- 
cerned that any growth of 12.000-R X-irradiated L10 cells 
in the skin might preempt developing tumor immunity and 
thus render the treatment ineffective against disseminated 
tumor. Therefore. 20.000-R X-irradiation was used in all 
subsequent experiments with L10 cells in BCG-tumor cell 
vaccines. Animals were given i.v. injections, in the dorsal 
vein of the penis, of either 10*. 10*. or 10« L10 cells in 1-ml 
volumes. All vaccinations were given i.d., beginning in the 
upper right dorsal quadrant. Successive vaccinations were 
given in different sites or LI. in the previous vaccination 
site. Vaccinations were performed either 1 and 7 days or 4 
and 10 days after i.v. L10 injection. 

RESULTS 

An i.v. dose of 10* L10 tumor cells does not lead to the 
death of all guinea pigs. Approximately 25% of the animals 
will survive clean injections where leakage did not occur to 
the regional site. This inoculum is the optimal dose for 
assessing the influence of the nonspecific side effects of 
vaccination on tumor cell arrest, the extravasation and 
establishment in organs, and the immunologically specific 
effects of the vaccine. Thus, at this initial tumor cell dose 
of 10 4 , vaccinations were performed at either 1 and 7 or 4 
end 10 days after i.v. injections of L10. 

Several modes of vaccination as well as 2 ratios of viable 
BCG to tumor cells were tested in guinea pigs given i.v. 
Injections of 10* L10 cells. The BCG-tumor cell ratios were 
10 B BCG or 10* BCG admixed with 10 7 HO. These were 
administered as either a single vaccination, a single injec- 
tion of BCG-L10 vaccine followed 6 days later by an LI. 
injection of L10 into the previous vaccination site, a single 
injection of BCG-L10 vaccine followed 6 days later by an 
injection of L10 alone on the opposite side, or 2 separate 
Injections of BCG-L10 vaccine. Also, the efficacy of frozen 
L10 cells was compared to that of fresh L10 cells. The 
results are shown in Table 1 - 

Compared to the untreated tumor-bearing guinea pigs, 
no significant difference in survival was detected in animals 
treated with 2 i.d. injections of BCG or tumor cells alone, 
regardless of whether the Initial treatment was performed 1 
or 4 days after i.v, injection of L10. 

Single BCG + L10 vaccinations at ratios of 1:10 or 10:1 
did not confer significantly greater protection than did 
vaccinations of BCG alone, tumor cells alone, or nontreated 
controls. Furthermore, these 2 BCG:L10 ratios could not 
be associated with significant differences In survival of 
animals given Lv. injections of 10 4 tumor cells, regardless 
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Table 1 

Survival of guinea pigs given /.v. injections of 10* syngeneic UO 
hepatocarcmpma celts 

This experiment was terminated at 280 days after tumor injec- 
tion; all nontreaied controls died by 120 days. Significance of 
differences in survival was calculated by the Fisher 2-tailad exact 
test 



Treatment* 



None 

(10 1 BCG) (10» BOG) 
<10 7 LI0) (10 T L10) 
(10« BCG + 10 7 L10)* 
(10 1 BCG 4 10 T L10)* 

(10« BCG + 10 7 L10) (10 7 L10 I.I.) 
(10* BCQ + 10 7 L10)(10 7 UOi.l.) 
(10 1 BCG + 10' FL10°) (10 7 FLIO 

(10- BCG + 10 T L10) n0 7 L10) 
(10* BCG + 10 7 L10) (10 7 L10) 

(10* BCG + 10 7 L10) (10 s BCG + 10* UO) 
(10' 6CC + 10 7 HQ) (1Q» BCG + 10 r L10) 



No. of survivors/ 

total no. of 
animals/group at 

following 
vaccination times 
after i.v. injection 
of tumor 


Days 1 


Days 4 


and 7 


and 10 


3/12 




3/12 


3/10 


2/10 




4/10 


4/10 


2/10 




6/10 


8/10 


9/10 


fi/10 


8/10 




10/10 


10/10 


10/10 


9/10 


10/10 


10/10 


9/10 


10/10 



0 Treatments were administered 6 days apart on opposite sides 
as described in "Materials and Methods." 

Vaccinations were administered as single sequential injec- 
tions. ' 

c FL10. frozen-thawed L10. 

of the vaccination schedule. Compared to those animals 
that received single vaccinations of BCG + L10, BCG, or 
tumor cells alone and compared to the nontreated controls, 
significant differences In survival were achieved in tumor- 
bearing guinea pigs that received the second vaccination 
of either L10 u. <p < 0.03), Lio on the opposite side (p < 
0.01), or BCG-L10 mixture (p < 0.01). From 80 to 100% of 
the animals survived in these treatment groups, regardless 
of whether the initial vaccine was administered 1 or 4 days 
after i.v. UO injection. No significant differences in efficacy 
were detected between fresh L10 cells and frozen 110 
cells. 

At 280 days, representative groups of the survivors either 
were tested for tumor immunity by measurement of rejec- 
tion of i.d. challenge of 10 s L10 cella or were killed and 
aulopsied for gross and histological examination for resid- 
ual tumor. None of the animals autopsied had any evidence 
of residual tumor. Tumor challenge groups varied in their 
ability to reject contralateral challenge as a function of 
treatment. All nontreated controls or groups that had been 
treated with BCG or tumor cells alone failed to reject 
contralateral challenge, indicating that these animals were 
not tumor immune at 280 days after treatment. Seventy to 
90% of the survivors in the various multiple vaccination 
groups rejected contralateral challenge: however, no signif- 
icant difference in tumor immunity, as measured by contra- 
lateral challenge, could be detected among these treatment 
groups. These data demonstrate that animals that survived 
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after treatment with ineffective modes of vaccination were 
not tumor immune, whereas significant protection as well 
as long-term tumor Immunity was conferred on those ani- 
mals that received efficacious modes of vaccination. 

Injections of 10 s or 10« syngeneic L10 cells i.v. are 
routinely fatal in strain 2 guinea pigs. Vaccinations of BCG 
alone or tumor cell alone conferred no protection in these 
tumor-bearing guinea pigs when the animals were given 
vaccinations 1 and 7 days after I.v. tumor inoculation (Table 
2). Survival In all treatment groups was a function of the 
BC6;L10 cell ratio. Without exception, in guinea pigs given 
10* or 10« cells I.v., a vaccine containing BCG:L10 cells in 
a ratio of 10:1 yielded significant protection, whereas a 
ratio of 1:10 was ineffective. Thus, the ratio of viable BCG 
organisms to tumor cells is a critical factor In the efficacy 
of the vaccine, and a large amount of BCG is beneficial in 
the initial vaccination. No significant difference In protec- 
tion could be detected when the group that received a 
single BCG + L10 vaccination (10:1) was compared to a 
similar treatment group that received a second LI. L10 
injection. In contrast, survival was achieved in those ani- 
mals that received a second injection of L10 alone or BCG 
+ L10 on the opposite side (p < 0.02 or p < 0,01. 
respectively). In 2 groups of animals given i.v. injections of 
10* L10, no significant difference in protection was detected 
when frozen-thawed L10 was used in the vaccine in place 
of the fresh L10. 

One important consideration was whether BCG-immune 
guinea pigs could generate effective tumor immunity after 

Table 2 

Survival of guinea pigs given i.v. injections of W or 1 0« syngeneic 
UO hepatocarcinoma ce/fc 
These experiments were terminated at 240 days after tumor 
injection. All nontreated controls in the 10* group died by 95 days, 
and all nontreated controls in the 10* group died by 77 days 
Significance of differences In survival was calculated by the fisher 
2-tailed e*act test. 



Treatment 0 



None 

(10" BCG) (10* BCG) 
(10 7 L10) <10 7 L10) 
(10« BCG + 10 T L10)* 
(10« BCG + 10 T L10) 6 

(10* BCG 4 10 7 L10) (10 7 L10 i.l.) 
(10« BCG - 10 7 L1Q) (10 7 L10 i.l.) 
(10* BCG * 10 7 FU0 r ) (10 T LIO FL10 LI.) 

(10* BCG ♦ 10 T L10){10'L10) 
(10 4 BCG i- 10 T L10) (10 7 L10) 

(10» BCG * 10 7 UO) (10 s BCG + 10' L10) 
(10* BCG + 10' L10) (10 1 BCG + 10 7 L10) 
( 10* BCG + 10 7 FL10) (10* BCG + 1 0 7 FL10) 

* Treatments were administered 6 days apart 
as described in "Materials and Methods." 

0 Vaccinations were administered as single 
lions. 

c FL10, frozen-thawed L10. 



No- of survivors/ 


total no. of 


animals/group at 


following i.v. 


tumor cell dose 


10* 


10* 


0/10 


0/10 


0/10 


0/10 


0/10 


0/10 


1/10 


0/10 


2/10 


o/io 


1/10 




5/10 




5/10 




1/10 


0/10 


0/10 


3/10 


1/10 


1/10 


9/10 


6/10 


S/10 





on opposite sides 
sequential Injec- 
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BCG * L10 vaccination. Normal guinea pigs as well as 
guinea pigs previously immunized to BCG and shown to be 
PPD positive by skin testing were given i.v. injections of 
10 s L10 cells. In this particular experiment vaccinations 
were performed 4 and 10 days after Lv. tumor inoculation. 
Two modes of. vaccination, BCG + L.10 (10:1) at Days 4 and 
10 and BCG + L10 (10;1) at Day 4 followed by i.l. L10 at 
Day 10, were compared in PPO-positive and PPD-negative 
guinea pigs. Regardless of whether or not the animals 
were PPD positive, the 2 modes of vaccination conferred 
significant protection <p < 0.01) and did not differ signifi- 
cantly (Table 3). 

We next investigated whether multiple BCG + L10 vacci- 
nations at either the 10:1 or 1:10 ratios would improve 
survival in comparison to single or sequential vaccinations. 
Guinea pigs were given i.v. injections of 10 fi L10 cells and 
vaccinated on either 1 day, 1 and 7 days, or 1. 7, and 14 
days after i.v. tumor inoculation. Treatments consisted of a 
single vaccination of BCG - 1 - L10 followed by L10 alone or 
by BCG + L10, 2 simultaneous BCG + L10 vaccinations 
followed by 2 simultaneous Injections of L10 alone or of 
BCG + L10. or 3 sequential vaccinations of BCG -r L10. 
The results are shown in Table 4. 

Initial BCG + LlO vaccinations at a ratio ot 1:10 were 
ineffective regardless of tha vaccination schedule. Signifi- 
cant protection (p < 0.01) was achieved with all initial 
vaccinations at ratios of 10:1 . but no significant increase in 
survival was achieved by multiple or sequential vaccina- 
tions. 

DISCUSSION 

Vaccines consisting of tumor cells admixed with BCG, 
under certain defined conditions, are effective in control- 
ling and eliminating mlcrometastases in a syngeneic guinea 
pig tumor system, regardless of whether the animals are 
BCG immune or not. At the outset it should be stated that 
this experimental model has major limitations in that it is a 
transplantable tumor established lor a short time in normal 
guinea pigs and m that the system out of necessity does 
not take into account such factors as individual variations 
between the biological behavior of tumors of other histolog- 

Tebie 3 

Survtval of guinea pigs given i.v. injections of 70 s syngeneic L10 
hepatocarcmoma ceils: effectiveness of vaccination tn BCG- 

immune guinea pigs 
Guinea pigs were given i.d. injections of 10* SCG and skin 
tested with PPD 21 days alter immunization; 2 weeks later animals 
were given i.v. injections of 10 1 L10. The experiment was termi- 
nated 270 days after tumor injection, and ail non treated controls 
died by 128 days after tumor Injection. Significance of differences 
in survival was calculated by the Fisher 2-tailed exact test. 



Survivors/ 

PPD total no. of 
sansitiv- animals/ 
ity Treatment at < and 10 days g roup 



None 0 
■+ None 0 

(10» BCG * 10 T L10) (10* BCG + 10 T L10) 5/10 
+ (10* BCG + 10 ? L10J (10* BCG 4 10 7 L10) 6/10 

(IC BCG + 10' L10) (10' L10 2/10 
4 (10* BCG * 10* UP) 00' L10M.) 6/10 



Table 4 

Surival of guinea pigs given i.v. injections of 10* syngeneic U0 
hepatocarcinoma ceils: effect of multiple vaccinations 
This experiment was evaluated at 120 days 8fter i.v. tumor 
injection, and all animals in the nontreated Of single vaccination 
control groups died by 70 days. Significance of differences in 
sur vival was calculated by the Fisher 2*tailed exact test. 

Survivors/total 
no. ot animals/ 



Treatm e nt" gro up 

None fc 0/13 

(10* BCG + 10 T L10) 6 0/10 

(10» BCG *- 10' L10)* 0/10 

(10" BCG 4- 10 r 110) (1Q r L10) 0/10 

2(10 e BCG 10 7 L10) 2(10 T U0) r 1/9 

(10* BCG < 10 T L10) (10* LlO) 3/10 

2(10* BCG 1 10* LlO) 2(10' L10) 6/10 

(10< BCG + 10* L10) (10* BCG + 10' L10) 1/10 
2(10* BCG + 10 7 L10) 2(10* BCG + 10 T L10) 1/10 

(10' BCG + 10 T L10) (10 B BCG 10 T L10) SnO 

2(10" BCG * 10 7 L10) 2(10° BCG + 10 T L10) 6/10 

(10 1 BCG + 10 T L10) (10" BCG - 10 T L10) 4/ft 
(10* BCG i- 10 ? L1Q) 



a Treatments were administered 6 days apan on opposite sides, 
e$ described In "Materials and Methods." ' , 

0 Vaccinations were administered as single injections. 
t Two simultaneous injoctions. 

ical types and the limiting tactors of the host. Thus, the 
model may be used to answer only specific questions 
fundamental to immunotherapy of micrometastasis. 

Under natural conditions me development of metastasis 
is dependent upon an interplay between properties of the 
host and properties of the tumor cells. The process is 
highly selective and represents the end point of several 
destructive events from which few tumor cells survive. Only 
a few tumor cells within the primary neoplasm may actually 
invade blood vessels, and of those even fewer will survive 
in the circulation. Similarly, not all malignant cells that 
survive transport are successfully arrested, undergo extra- 
vasation, etc. Also, tumor cells, in principle, could be 
susceptible to host immune and nonimmune defense 
mechanisms that could destroy malignant cells during any 
of the steps described above (5. 6). 

Metastasis was artificially induced in guinea pigs by i.v. 
injection of LlO, and treatment was not started until ade- 
quate time had elapsed to ensure extravasation and locali- 
zation of tumor cells into the parenchyma of visceral or- 
gans. No significant difference in the effectiveness of vac- 
cines was found when the treatment was started 1 or 4 days 
after tumor cell transplantation. It has previously been 
demonstrated with i.v. injection of B16 melanoma in mice 
(4) that, between 1 and 4 hr after Lv. transplantation, tne'e 
is a 50% reduction in the number of arrested tumor ceus m 
the lung, and at 24 hr only 2% of the cells are retainec m 
the lung as a stable metastatic population. Thus, the results 
of any treatment administered prior to 24 hr after transc-V.- 
tation are impossible to interpret since beneficial effects 
could be due to prevention of metastasis rather than to 
treatment. In this study the lack of difference between 
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various effective vaccines when treatment was adminstered 
1 or 4 days after transplantation suggests that a therapeutic 
effect was indeed achieved with these vaccinations. 

It was clear from this study that, of the 2 basic BCG- 
tumor cell vaccines used, the preparation consisting of 10* 
viable BCG admixed with 10 r tumor cells was more effective 
over a broad range of increasing initial tumor burdens than 
was that of 10 s BCG admixed with 10 T tumor cells. Although 
the latter was effective at initial tumor burdens at 10 4 L10, it 
was ineffective when the initial tumor cell inoculum was 
increased to 10 s L10. Whether this 10:1 BCGitumor cell 
ratio is critical or simply a function of total BCG cannot be 
determined from these studies. However, In a study of the 
effectiveness of BCG-tumor cell mixtures as vaccines 
against LSTRA murine leukemia (2), it was found that 
immunity was high (100%) if the BCG:LSTRA ratio was low 
(either 5 x 10 4 :10* or S x 10M0 5 ) and that the proportion 
of immune mice was low (6%) if the BCG: LSTRA ratio was 
high (5 x 10 8 :10 3 ). 

Tumor cells that were frozen by an established procedure 
used for preservation of bone marrow in transplantation 
studies and assessed as an optimal procedure in several 
low-temperature biology studies (for review, see Ref. 24) 
were equally as effective in the vaccines as fresh tumor 
cells. This is contrary to the results of Bartlett et aL (1) who 
used glycerol as the freezing additive. Our cells were frozen 
in dimethyi sulfoxide and fetal caif serum. The striking 
difference, however, was the percentage of viability after 
freezing. Cell viability was approximately 90% after freeze* 
thawing. If for some reason viability fell below 80% during 
liquid nitrogen storage, the cells were discarded. In our 
opinion , the trypan blue exclusion test is a very conservative 
test of cell damage, and any trauma sufficient to render 
20% of the celts sensitive to trypan* blue may have severely 
damaged the remaining cells or altered their antigenicity. 
The viability of frozen cells in the experiments of Bartlett et 
ah ranged between 40 and 70% as determined by trypan 
blue exclusion. Thus, the difference in results with frozen 
LlO cells may be attributed to suboptimal versus optimal 
freezing conditions. Whether the 20.000-R X-irradiation 
dose of the tumor cells was an important aspect in the 
preparation of cells in vaccines is not known. However, 
studies are under way to test this point in this model since 
it is recognized that the use of 12,000 R is standard 
procedure for BCG-tumor cell vaccines in humans. 

Of the 3 basic vaccination schedules tested, the 2 that 
ware consistently effective for all tumor burdens were 10* 
BCG admixed with 10 T 110 followed by 10 7 atone on the 
opposite side or 2 separate injections of 10 a BCG admixed 
with 10 7 L10. The fact that BCG was not required in the 
second injection of the former schedule and the fact that 
multiple vaccinations did not improve therapy with respect 
to the latter schedule or with the less effective vaccine (10° 
BCG + 10 7 HO) suggest that the critical aspect of any of 
the vaccination schedules is the initial dose of BCG. Follow- 
ing the initial treatment with BCG. effective systemic tumor 
immunity can be achieved with i.d. injections of tumor 
cells alone at a different site. 

A third vaccination schedule, which consisted of reintro- 
duction of the tumor immunogen into the i.d. site previously 
injected with BCG + tumor cells, was effective at lower 



tumor burdens (10 A ) but was less effective at initial tumor 
burdens of 10*. This is in contrast to a similar schedule in 
which the second tumor cell vaccination was in a different 
i.d. site. The rationale for the second injection of tumor 
cells in the BCG-infected site was based on the study of 
Hawrylko (13), in which the dimensions of BCG-potentiated 
antitumor response against the murine mastocytoma P815 
were investigated. One limitation that we found with this 
procedure was the difficulty in delivering the tumor cell 
inoculum in the previously infected dermal site. Early ulcer- 
ations of these injected dermal sites were limiting with 
respect to constant delivery of the tumor immunogen in 
the second injection. 

In this study we have shown that visceral micrometastasis 
induced by i.v. injection of L10 can be cured by the systemic 
effect of a tumor cell-BCG vaccine. These results confirm 
our previous studies on the immunological susceptibility of 
i.v.Mnjected L10 cells (9, 10). We have now demonstrated 
that a nontumorigenic vaccine can affect immunotherapy. 
These results demonstrate that there is a critical dose for 
BCG in the initial vaccination but that BCG is not essential 
in the subsequent vaccination and that optimum therapy 
could be achieved with 2 vaccinations separated by a 
period of 6 days. Furthermore, the induced tumor immunity, 
which can cure the majority of guinea pigs with microme- 
tastases is achieved by 2 vaccinations that require a total 
of 2 x 10 7 tumor cells (approximately, 20 mg of tumor) 
administered over a period of 1 week. Also, the tumor 
cells, when frozen under established optimal conditions, 
maintain immunogenicity and can be used effectively in 
vaccines. 
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rcHMENT of a tumor-specific immunotherapy model utilizing 

rNP^ACTIVE HELPER T CELL ACTIVITY AND ITS APPLICATION TO THE 
lW AUTOCHTHONOUS TUMOR SYSTEM 1 

HIROMI FUJ1WARA, 2 HISAKAZU AOKI. TAKAYUKI YOSHIOKA. SHOHKEN TOMITA, 
HIRUMi i-udi ^ y0 i CH , iKEGAMI. and TOSHIYUKI HAMAOKA 
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Teiiiduction of potent hapten-reactive helper T 
1 activity and subsequent immunization with 
pten-coupled syngeneic tumor cells result in en- 
nced induction of tumor-specific immunity 
xmgh T-T cell collaboration between anti-hapten 
Iper T cells and tumor-speClfic effector T cells. On 
. basis of this augmenting mechanism, a tumor- 
scific immunotherapy protocol was established 
which a growing tumor regresses by utilizing a 
tent trinitrophenyl (TNP)-helper T cell activity, 
H/He mice were allowed to generate the amplified 
ore potent) TNP-helper T cell activity by skin 
in ting with trinitrochlorobenzene (TNCB) after 
^treatment with cyclophosphamide. Five weeks 
er. the mice were inoculated intradcrmally with 
ntr « c transplantable X5563 tumor ceils. When 
s injected into X5563 tumor mass, an ap- 
wic number of growing tumors, in the only 
>up of C3H/He mice in which the amplified TNP- 
Iper T cell activity had been generated were ob- 
rved to regress (regressor mice). These regressor 
ce were shown to have acquired tumor-specific T 
B-mediated immunity. Such immunity was more 
tent than that acquired, in mice whose tumor was 
nply removed by surgical resection. These results 
iicate that in situ TNP haptenation of the tumor 
Us in TNP-primed mice can induce the enchanced 
aor-specific immunity leading to the regression 
a growing tumor. Most Importantly, the present 
idy further investigates the applicability of this 
ZP immunotherapy protocol to an autochthonous 
mor system* The results demonstrate that an ap- 
edable percent of growing methylcholanthrene- 
luced autochthonous tumors regressed by the 
eve TNP Immunotherapy protocol. Thus, the pres- 
t model provides an effective maneuver for tumor- 
tcific Immunotherapy in syngeneic transplanta- 
t as well as autochthonous tumor systems, 

3n the basis of the hypothesis of Mltchison (1) con- 
ming manipulations that might augment tumor-spe- 
fc immunity, numerous attempts to enchance the im- 

^coclvcd for publication January 25. 1084. 
Ve^ ^ for publication February 23. 1984. 
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munogeniclty of tumor-associated transplantation an- 
tigens (TATA) 3 by coupling additional antigenic determi- 
nants on the tumor cell surface have been reported (2- 
6). Helper T cells can collaborate with effector T cell 
precursors, such as cytotoxic cell precursors, to enhance 
Immune responses against various* antigens including 
TATA (7). If additional determinants coupled onto the 
tumor cell act as helper determinants. It is therefore 
conceivable that preinduction of helper T cell activity to 
these additional determinants could induce much higher 
antl-TATA Immune responses at the time of stimulation 
of tumor cells conjugated with the corresponding anti- 
genic determinants. 

We defined conditions under which enhanced immune 
resistance to tumors could be generated by prelnducing 
trinitrophenyl (TNP) hapten-reactive T cells, and by sub- ^ 
sequently immunizing with TNP-coupled syngeneic tu- 
mor cells (8. 9). This system is designed to induce the 
most efficient generation of tumor-specific effector T cell 
activity In vivo by virtue of the close linkage of hapten- 
reactive helper T cells and TATA-specific effector pre- 
cursor T cells in the microenvlronment at the time of 
stimulation with hapten-coupled tumor cells. Our pre- 
vious results demonstrated that the generation of potent 
TNP-helper cell activity after elimination of suppressor 
ceil activity was a prerequisite for amplified generation 
of In vivo protective immunity, and a T-T cell interaction 
mechanism between TNP-helper T cells and anti-TATA 
effector T cell precursors was thus suggested to be essen- 
tial to such a phenomenon (10). These results prom 
us to establish an ImmunotherapeniUc protocol^ In ^ tumor- 
bearing animals in which such potent TNP-helper *T cells 
were used* r**^*' v - 

In the present study, when TNP was introduced into 
the tumor mass of tumor-bearing mice In whichj the 
amplified TNP-reacUve helper t cdlactlvity had been 
generated. In situ trtnltrophenylatibn of tumor cells re- 
sulted in a high Incidence of romplete x^rcsslori of grow- 
ing tumors. We demonstrated that the tumor regressicm 
was accompanied by the concurrent generation*^ 
tent tumor-specific T cell Immunity, suggesting on the ^ 
above T-T cell collaboration mechanism was functioning 
in this tumor immunotherapy protocol. More importantly . 
the present study also investigates whether such an im- 
munotherapeutlc potential realized in the TNP-helper 

• Abbreviations used In this paper: TATV r tumor ; Mso^tcd ^P**"/ 
Uilon antigens: TNCB. Wnltxochlorobcnxcnc: MCA. ^cthylchoUn 
threne: ^/cyclophosphamide: CTU cytotoxic T lymphocyte: t.d.. intra 
dermal: DTH. delayed-type hypcrsenalUvlty. 




TNP IMMUNOTHERAPY MODEL 



TABLE I 

^omparisonqf acquisition of tumor specific immunity after TNP 
immunotherapy and surgical resection of tumor 
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Croup 



Mice 



A 
B 



Normal 

After regression of tumor 
by TNP immunothera- 
py* 

After surgical resection 
of tumor* 



Incidence of Re* turner 
*g*lnn Tumor Challenge* 



0/10 
11/12 



2/10 



•Mice were challenged l.d. with 10* liable X5S63 tumor cells, and 
.ncMence of resistance was determined 3 weeks after the tumor chal- 
lenge. 

•C3H/He mice whose X5563 tumor regressed In the TNP Immunother- 
apy model as shown In Fig. i (group E) were used 3 wk a/ter Initial tumor 
finpiantauon. 

*C3H/He mice were Inoculated I d. with 10* X5563 tumor cells and 
proving tumors were surgically resected 7 days later. Mice were used 2 
»k after tumor removal 

growth of metastasized tumor cells. Thus, the difference 
In Incidence of anti-X5563 Immunity between two groups 
above Indicates more potent anti-X5563 Immune resist- 
^ce was retained in mice whose tumors regressed by 
virtue of the TNP Immunotherapy. 

The development of stronger antl-X5563 Immune re- 
sistance in repressor mice was also confirmed by com- 
paring the tumor-neutralizing activity of spleen cells 
from these mice to that of mice whose tumors were 
surgically resected. Winn assay performed with these two 
$roi— of spleen ceils at a lower spleen to tumor cell ratio 
that appreciably stronger tumor-neutralizing ac- 
. y ^as generated in the regressor mice by TNP im- 
munotherapy than in the mice that had tumors resected 
*irglcally (Table II). 

Additional experiments were performed to test the na- 
ture and specificity of the effector mechanism acquired 
V X5563 tumor regressor mice. Winn assays with the 
Jse 0 r spleen cells from the regressor mice also demon- 
crated that these spleen cells resulted in complete neu- 
tralization of X5563 tumor cells when admixed, but failed 
* exhibit JJ tumor neutralization against X5563 tumor 
atcr the treatment of the spleen cells with anti-Thy- 1 2 
** C (Table III), and 2) tumor neutralization against 
©other syngeneic tumor MH134 hepatoma (Table IV) 
indicate the T cell naturTand specificity of 
JJWC5563 immunity acquired by the regressor mice in 

TNP Immunotherapy model. 
'^Application of the TNP Immunotherapeuttc protocol 
?nn autochthonous tumor system. In the process of 
J^cation of the present tumor-speciflcimmunotherapy 
wci to a chemical carcinogen-Induced autochthonous 



tumor system, we extended this TNP immunotherapy 
model to another transplantable, chemical carcinogen- 
Induced tumor (MCrM-Al) system in which the tuxnor 
was recently Induced in C3H/He mice by MCA and has 
been maintained In our laboratory (less than 10 passages 
In vivo). A similar protocol to that performed in the X5563 
tumor system was used and the results are illustrated In 
Figure 2. In this experiment. TNCB Injection into the 
MCH-1-A1 tumor mass from Cy— TNCB-painted mice led 
to a high Incidence of tumor regression, in contrast to the 
lack of tumor regression when in situ TNP modification 
was performed in mice not primed to TNP. Thus, this 
TNP immunotherapy system is also applicable to another 
recently established transplantable, chemical carcino- 
gen-induced fibrosarcoma tumor system. 

The successful regression of growing tumors in an 
MCA-Induced transplantable tumor system by using the 
TNP Immunotherapy regimen encouraged us to test the 
applicability of this immunotherapy protocol to an MCA- 
induced autochthonous tumor system. The primary tu- 
mor was Induced in 500 female C3H/HeN mice at 8 wk 
of age by injecting 0.5 mg MCA in 0.1 ml olive oil subcu- 
taneously. Four weeks after the MCA Inoculation, one 
half of the group of mice received the combined treatment 
of Cy Injection and TNCB painting, which was capable of 
Inducing the amplified TNP-reactive helper T cell activity 
and the remainder were untreated. The mice began to 
develop a primary, subcutaneous tumor about 8 wk after 
the MCA treatment. At 9 wk after the MCA Injection, 20 
to 30% of mice in both TNP-helper-positive and -negative 
groups bore a tumor in the range of 6 to 9 mm in diameter. 
Histological examination of 10 autochthonous" tumors 
randomly selected (five mice in each group) revealed that 
all were fibrosarcoma. Mice that did not receive tumor 
excision were collected and each group was randomly 
divided Into two groups depending on whether mice were 
treated with the intratumoral injection of 0,15 ml of 1% 
TNCB. Therefore, the experiment consisted of four 
groups: group A: MCA Injection only: group B: MCA injec- 
tion— intratumoral TNCB injection: group C: MCA injec- / 
tion— the combined treatment of Cy plus TNCB painting; 
and group D: MCA Injection— the above combined treat- 
ment for priming of potent TNP-helper T cells— intratu- 
moral TNCB injection. The tumor growth of four groups 
of animals Is shown in Figure 3. Most tumors in three 
groups of mice (groups A, B and C). except for only one 
animal in group B, continued to grow until the animal 
died, although the growth rate exhibited varied patterns. 
Importantly, however, an appreciable number (1 1 of 25) 




»Jon or tumor by TNP Immunotherapy* 
* ~ -al resection of tumor* 



resection 



100:1 
200:1 
100:1 
10:1 
10:1 
10:1 



5.8 ± 1.3 
<3.0 
<3.0 

4.6 ± 0.9 
<3.0 
<3.0 



9.6 ± 1.0 
<3.0 
<3.0 

0.3 ±0.9 
<3.0 

7.5 ± 0.5 



13.5*0.3 

<3.0 

<3.0 

12.5 ±1.0 
5.0 ±1.5 
10.3 ±1.2 
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Figure 2. Induction of tumor regression In MCH-1-A1 tumor- bearing 
mice by using the TNP Immunotherapy regimen. C3H/He mice received 
the comb'ined treatment of Cy Injection and TNCB painting. Five weeks 
after TNCB painting, mice were Inoculated l.d. with 10* viable MCH-1-A1 
tumor cells. The In sttu TNP haptenatlon Identical to that In Fig. 1 was 
performed 7 days after tumor cell Inoculation. Tumor growth was Individ- 
ually scored and expressed by tumor diameter ( ). Tumor growth In 

control groups was expressed by mean diameter ± SE of seven mice per 

group. |0— Oj. (A A), and (O— Oj Indicate tumor cell InocuIaUon 

only, tumor cell lnocutatlon-»(n situ TNP haptenatlon. and the above 
combined treatment for TNP priming— tumor cell Inoculation, respec- 
tively. 

Tctll Immunity was more potent in the tumor-regressed 
than in mice whose tumor was surgically resected, 
ould also be noted that X5563 tumor-specific im- 
^mnlty, which had been acquired In tumor-regressed 
mice, was mediated by anti-X5563-TATA-speciflc Lyt- 
but not by Lyl-1"2* T cells, indicating that the 
tumor-specific Lyt-1*2~ T cell population whose genera- 
tion was augmented through collaboration with TNP- 
specific helpers primarily exhibited a protective effect (T. 
YoshJoka. H. Fujiwara. and T. Hamaoka, manuscript in 
preparation). Because these Lyt-1*2" T cells exhibited no 
cytotoxic effect on X5563 tumor cells in a 4-hr 5, Cr- 
release assay, further studies are in progress concerning 
thejnechanisms of antl-tumor-specif ic Lyt- 1 * T cell func- 
tion in eradicating tumor cells in vivo. 

Thrmost Interesting and important finding in the pres- 
ent study (which has not been reported in other tumor- 
specific immunotherapy experiments) is the demonstra- 
tion of the applicability of this TNP immunotherapy pro- 
tocol to an autochthonous tumor system. This finding Is 
*mhy of discussion from two perspectives. First, the 
evidence that TNP immunotherapeutic potential allows 
the induction of tumor regression to an appreciable pro- 
portion in autochthonous as well as transplantable tumor 
Wems clearly emphasizes the validity of this TNP im- 
munotherapy model on the basis of the T-T cell Interac- 
™> mechanism. This could also provide a theoretical 
«sis for Klein's clinical approaches in which skin mallg- 
?*)«es were treated by haptenic reagents ( 1 6). Although 
t investigation is required to explore a chemical 
t suitable for the tn situ modification of human 
--rsvthe present system may provide a prototye of the 
r^unotherapy of some types of clinical tumors such as 
^cancers. 

t J^nd. Jt remains to be -proven why 14 of 25 of the 
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Figure 3. Regression of growing autochthonous tumors by the TNP 
Immunotherapy regimen. C3H/He mice were Inoculated subcutaneously 
with 0.5 mg MCA. Four weeks later, mice received the combined treatment 
of Cy injection and TNCB painting (groups C and D). Nine weeks after 
MCA Injection. 0.15 ml TNCB tn olive oil was administered Into subcuta- 
neously growing autochthonous tumors of groups B and D. Croup A was 
MCA Inoculation only. Tumor growth was individually scored and ex* 
pressed by tumor diameter. Tumors In all groups that reached a U-mm 
diameter continued to grow for as many as 8 wk ultimately killing the 
animal. For limitation of the scale, such stage of growth was omitted. 

TABLE V 

Summary of incidence of tumor regression and mean survival time* 



Croup 


Treatment 

TNP Th TNCB 
Induction Injection 


Incidence of 

Tumor 
Regression 


Mean SurvtvsJ 

Time 
(weeks * SE) 


No. 
Dead Mice 


A 




0/20 


13.00 ±0.75 


20 


B 


- + 


1/20 


11.32 ±0.55 


19 


C 


♦ - 


0/20 


13.60 ±0.58 


20 


D 




11/25 


12.90 ±0.68 


14 



• Determined 20 wk after Injection of TNCB into autochthonous tumor 
and expressed by mean survival time of dead mice at this stage. 

been assumed that most of tumors bear TATA (17, 18). 
the qualitative diversity and quantitative heterogeneity 
in the expression of each putative TATA on an autoch- 
thonous tumor cell has not been well determined. Further 
experiments are therefore required to determine whether 
the tumor-specific immunity Is in fact acquired in mice 
whose autochthonous tumor has regressed and how pu- 
tative TATA in each individual autochthonous tumor 
qualitatively varies, and to investigate the relationship 
between the Immunogenlcity of the autochthonous tumor 
and the prognosis of the tumor-specific Immunotherapy. 
Such approaches are in progress by challenging the au- 
tochthonous tumor cells obtalntdchy. .wi?i$«#*n«i KtA~«— 
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COMMUNICATION 

The Induction of Cytolytic T Lymphocytes with Syngeneic 
Trinitrophenyl-Coupled Membranes 1 

LINDA SHERMAN, 2 MATTHEW F. MESCHER, and STEVEN J. BURAKOFF 

From the Department of Pathology, Harvard Medical School. 25 Shattuck Street, Boston, Massachusetts 02! IS 



Receaady we have demonstrated -the induction of allogeneic- 
mnri™- cytolytic T lymphocytes (CTL) 3 using purified plasma 

jnembcxnes rather than intact cells as stimulatory agents (1). 
In this report we extend the use of such subcellular preparations 
to study the requirements for hapten-specific syngeneic CTL 
mduccioQ. M»™ hr » n «* prepared from trinitrophenyl (TNP) . 

, coupl ed syngeneic tumor cells retain the^feUity to stimulate 
both-* primary and secondary CTL response. The CTL that 
are generated are restricted in their lysis to target cells bearing 
the «™ H-2 antigens as those present on the TNP-coupled 
stimulating membranes. 

MATERIALS AND METHODS 

AH materials and methods used in the in vitro induction and 
assay of TNP specific CTL are as previously described (2). 
Brieftv, 7 X 10* jpleen cells from nonimmune or immune mice 
were co-cultured with x-irradiated, TNP-coupled spleen cells or 
TNP-coapled membranes. After 5 days of culture cells were 
harvested and cytolytic activity was assessed in a 4-hr assay 
against 10 4 * l Cr-labeled TNP-coupled tumor targets or LPS 
blast cell targets. Immune spleen cells were obtained by priming 
mice sobcutaneously with 2 x 10 7 TNP-coupled autologous 
spleen cells 2 weeks before in vitro culture. Membranes used in 
stimulation of CTL were prepared from TNP coupled DBA/2 
mastocytoma P815 (H-2**) tumor cells or from TNP-coupled 
C57BL/6 (B6) leukemia EL-4 (H^) tumor cells. Purified 
plasma membranes were used for CTL induction in the exper- 
iment described in Table L The results presented in Tables II 
and EH were obtained by using partially purified plasma mem- 
branes referred to as "high speed pellet" in Reference 1. Spon- 
taneous * J Cr release ranged from 30 to 39% for LPS-induced 
blast c*D targets and from 11 to 19% for tumor cell targets. 
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RESULTS 

Plasm a membranes prepared from TNP-modified tumor cells 
were tested for their "ability to stimulate both primary and 
secondary CTL responses by using H-2 syngeneic responder 
cells. As demonstrated in Tables I and 0, such membranes 
were active in the stimulation of primary and secondary hapten 
specific CTL. CTL generated by coupled membranes are wmi'lar 
in specificity to those generated by coupled cells in that they 
preferentially lyse syngeneic target cells (2-4). These mem- 
branes stimulated variable amounts of cross-reactive lysis on 
TNP coupled allogeneic target cells. B6 spleen cells stimulated 
with TNP-EL-4 membranes did not lyse targets that did not 
bear TNP. Lytic activity was not induced when B6 spleen cells 
were co-cultured with uncoupled EL-4 membranes. 

It has been recently demonstrated (5, 6) that cells incubated 
with TNP-coupled proteins are capable of stimulating a hapten- 
specific cytolytic response that is restricted to target cells that 
are H-2 identical with the responder cell population. Therefore, 
it was important to determine if stimulation by the membranes 
was dependent on the H-2 antigen present on the membrane, 
or whether the membrane proteins were simply contributing 
the hapten that was then recognized in conjunction with the H- 
2 antigens of the responder cell population. B6D2F! (H-2 b/d ) 
immune spleen cells were stimulated with either TNP-EL-4 
membranes or TNP-P815 membranes and the specificity of the 
resultant CTL was studied. It would be expected that if the H- 
2 present on the membranes did not influence the specificity of 
the CTL, then in either case the CTL would lyse both B6-TNP 
(H-2 b ) and B10.D2-TNP (H-2" 1 ) targets to a similar extent As 
is shown in Table III the CTL preferentially lyse target cells 
that bear the same H-2 antigens as the TNP-membranes used 
in CTL stimulation. Similar specificity was obtained with CTL 
resulting from stimulation of nonimmune B6D2Fi spleen cells 
(Table II). These results indicate that both the TNP and the 
H-2 antigens present on the membranes determine the specific- 
ity of the CTL population. 

DISCUSSION 

The results described above extend the use of subcellular 
material to the study of CTL recognition in a chemically 
modified syngeneic system. The results demonstrate the capac- 
ity of membranes prepared from TNP-modified tumor cells to 
induce primary and secondary CTL having the saw specificity 
as CTL that are induced by TNP-coupled ceua, 5» * bflitv . 10 
stimulate B6D2F t CTL that are restricted in fcAxscocnjtJon 
to the H-2 antigens present on the stimiilifiKI^* 111 *^* 11 * 
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TABLE I 

Specificity of secondary (BALB/c x DBA/2)F % (Hf) CTL 
stimulated by TNP -co up led membranes 




% Specific "CrRelemse 



Stimulator* 



P815-TNP (H-2 - ) EH-TNP (H-2 6 ) 



25/1* X2JS/X 



25/1 12.5/1 



Experiment 1 



12-jig membranes 
24 -/ig membranes 
72 -jig membranes 



19 
32 
44 

59 



9 
19 
24 
38 



Experiment 2 



BALB/c-TNP cells 
3 -jig membranes 
10-pg membranes 
30- jig membranes 



31 


19 


19 


12 


83 


61 


40 


14 


31 


16 


13 


8 


41 


19 


17 


11 


63 


40 


22 


14 



• Membranes used for this experiment were purified plasma mem- 
branes obtained from TNP-coupled P815 tumor cells (I). 

* Effector to target ratio. 

TABLE n 

Induction of primary (C57BL/6 x DBA/2)F X (H*2 k '<) CTL by TNP- 

coupled membranes 

" " % Specific "Cr Release* ~ 



a requirement for direct haptenizatioxi of H-2 to stun 
it is clear that TNP-membranes are antigenkally 
TNP-cells rather than TNP-proteins. , 
It is also of interest to consider these results as they addreat 
the mechanism of CTL stimulation by subcellular mat— '-»- 
The possibility exists that stimulB&on of CTL by subec 
preparations occurs via presentation of antigen by intact _ 
present in the cultures (e.g., macrophages) rather than by direct 
interaction between the membrane vesicle and pre-CTL. It fc. . 
clear that if indeed material must be presented by viable cells 
to be antigenic, these cells do not determine the specificity of 
the resulting CTL. 

Ozata and Henney (6) have reported that membranes from 
TNP-coupled spleen cells failed to induce a secondary syngeneic 
CTL response whereas the results shown in Tables I and II of 
this report clearly show that membranes from TNP-coupled^ 
tumor cells can induce a specific secondary response. Thi^p 
discrepancy might be accounted for by the difference in <*u^ 
type used as a membrane source. 

The ability to stimulate CTL with TNP-modified membranes—*- 
opens the possibility that we will be able to isolate, in a soluble^ 
form TNP-modified membrane proteins that retain biologiaJ^ 
activity (Le., the ability to induce CTL) (8). One could thetfg*. 
determine whether an effective immunogen is created by TNPrtJ^ 
modified non-MHC proteins that interact with H-2, or whether—- 
direct chemical modification of H-2 antigens creates the im£J 
munogen, or whether both possibilities exist. 



Stimulator - 



B6-TNP (H^) 



B10.D2-TNP 



B6-TNP cells 
24-/ig membranes 
75-fig membranes 

150-/ig membranes 



7 
64 

28 
33 
38 



7 

34 
12 
6 
€ 



• Membranes used in this experiment were partially purified from 
TNP-coupled EL-4 tumor cells (H-^). 

•Effector to target ratio is 50.1. Target cells were Unstimulated 
blast cells. 

TABLE in 





Stimulator 


% Specific u Cr Release 
Targets* 


Responder 


B6-TNP 


B10.D2- 
TNP (H-2*) 


Primed B6D2F, (H- 




6 


9 


2 b/d ) 


75 fig EL-4-TNP 
membranes 


29 


10 




84 fig P815-TNP 


16 


32 




membranes 







cells. 



preparations indicates that induction results from recognition 
of both the H-2 and the hapten on the membranes and not from 
haptenated protein(s) from the membranes that associate with 
the responder cells. In this regard, TNP membranes are similar 
in their inductive capacity to TNP cells. It has been previously 
reported that H-2 antigens need not be directly haptenated in 
order to obtain a CTL response. Recent experiments that have 
utilized TNP-coupled serum proteins to stimulate TNP-specifk 
CTL have argued against the contention by Forman et al (7) 
that only TNP present on H-2 is antigenically active. Although 
the experiments described above do not address the question of 



SUMMARY CD 

Evidence is presented that trinitrophenyl-coupled tumorp^ 
membranes are able to induce cytolytic T lymphocytes (CTLV/ 
when co-cultured with syngeneicspleen cells. These haptenate^ 
membranes stimulate spleen celRfrom naive and immune xmcx^j 
The specificity of these CTL is&tennined by the H-2 anti^en^ 
of the membranes used for stimulation. 
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A d in vant Active Specific Immunotherapy for Human 
Colorectal Cancer: 6.5-Year Median Follow-Up 
of a Phase III Prospectively Randomized Trial 

By Herbert C. Hoover, Jr. Jane S. Brondhorst. Leono C. Peters. Mi.dred aSurdyke. Yoshiko TokeshHo. 
By Hero ^ Modorioga, Larry R. Muenz, and M.choel G. Hanna. Jr 



Purpose: Patients with colon or rectal cancer were 
en2r«n.o a prospectively randomized. contro„ed 
clinical trial of active specific immunotherapy ASI) w.th 
an autologous tumor cell-bacillus Calmette-Guenn (BCG) 
vaccine. We Investigated whether AS. could improve 
disease-free status and survival. 

VZZnts and Methods : Ninety-eight patents with 
Dukes' stage B,-C, colon or rectal cancer were random- 
ized Into g^ups treated by resection alone or resect.on 
dIus AS? Eighty patients met all eligibility criteria. All 
?at enf wJrt, recta, cancer were to receive 50 Gy o pel- 
vic irradiation. Analysis of distribution o J^and 
disease-free survival was made on all el.g.ble patients 

dirges were detected In survival or disease-free 

COLORECTAL CANCER continues to be one of the 
most prevalent malignancies in the United States, 
with more than 157,000 new cases diagnosed and more 
than 60,000 deaths occurring each year.' Although surgical 
resection is usually the only curative therapy, established 
gross metastases and micrometastases commonly frustrate 
these efforts. Despite improved surgical approaches, pa- 
tients with transmural extension of tumor and metastases 
to regional lymph nodes still have 5-year survival rates of 
only 30% to 50% when treated by operative resection 
alone. Adjuvant radiation therapy can lower the incidence 
of local recurrence, but does not control systemic metas- 
tasis, the cause of death in many of these patients. 

Some recently published trials indicate benefit from 
chemotherapy, especially a combination of fluorouraal 
(5-FU) and levamisole in Dukes' stage C colon carci- 
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noma," and a combination of radiation therapy and 5, 
FU/methyl-lomustine (CCNU) chemotherapy for rectal 
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survival for all 80 eligible potients. However, since it 
was recognized at the outset that there were treatment 
differences. In that rectal cancer patients were to receive 
postimmunotherapy radiation. It was considered that a 
cohort analysis of the colon and rectal cancer patients 
might be Informative. With a median follow-up of 93 
months, there Is a significant improvement in survival 
(two-sided P = .02; hazards ratio, 3.97) and disease- 
free survival (two-sided P = .039; hazards ratio 2.67) 
in all eligible colon cancer patients who receded ASI. 
With a median follow-up of 58 months, no benefits were 
seen In patients with rectal cancer who received ASI. 

Conclusion : This study suggests that ASI may be ben- 
eficial to patients with colon cancer. 

j atn Oncol 1 1:390-399. © 1993 by American Society 
of Clinical Oncology. 

carcinoma. 7 However, systemic toxicity and drug resis- 
tance continue to limit the usefulness of chemother- 
apy. New approaches are needed to engendc; further 
advances. 

Biologic therapy or biologic response modifier therapy 
has moved beyond the era of nonspecific immunotherapy 
that laid some of the foundation for today's approaches. 
Our efforts have focused on an approach that makes use 
of a patient's own tumor to elicit an immune response. 
This approach is known as active specific immunotherapy 
(ASI). There is now extensive evidence that nr human 
tumors have tumor-associated antigens, altho^.ii assess- 
ment of specificity of these antigens remains difficult In 
our use of ASI, we are presuming the presence of distinct 
tumor antigens on tumor cells that are absent on normal 
cells We are attempting to activate the host defenses 
against these antigenic factors, which are theoretically dis- 
tinctive to each tumor, by increasing the immunogenic^ 
of autologous tumor cells with an immunor 'ulatmt 
adjuvant, bacillus Calmette-Guerin (BCG). 

The impetus for this work was the development and 
biologic characterization of an experimental model tn 
determined the requirements for effective immunotherap 
of established tumor. A series of studies in a guinea p* 
line-10 hepatocarcinoma model 9 -' 5 demonstrated thai 
BCG admixed with syngeneic tumor cells can induce s> 
temic immunity capable of eliminating a limited dissem- 
inated tumor burden when the vaccine is c; > 
trolled for variables such as the number o: • * u ' 

Journal of CKnicol Oncology. Vol 1 1 , No 3 (March), 1993: pp 390-3* 
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IMMUNOTHERAPY FOR COLORECTAL CANCER 

ra tio of viable BCG organisms to tumor cells, viability of 
the tumor cells, and vaccination regimen. 

A five-patient pilot study in 1980 demonstrated that 
W e could successfully dissociate human colorectal cancers 
into viable cell preparations and that the toxicity of the 
tumor cell-BCG vaccine was minimal. The principles and 
procedures of ASI, as learned in the guinea pig hepato- 
carcinoma model, were then applied in a randomized, 
controlled trial of patients with colorectal cancer. The de- 
cision was made to start this trial in a prospectively ran- 
domized, controlled manner to maximize the information 
achieved from an extraordinarily labor-intensive and ex- 
pensive trial. The study began at the Johns Hopkins Hos- 
pital, Baltimore, MD, in 1981, was transferred to Uni- 
versity Hospital, Stony Brook, NY, in 1983, and then to 
the Massachusetts General Hospital, Boston, MA, in 1986. 
V Accrual ended in November 1988 and follow-up extended 
" to December 1990. The objectives of this study were to 
i-. determine whether ASI could (1) enhance the delayed cu- 
: taneous hypersensitivity (DCH) response to autologous 
tumor cells, and (2) prolong the disease-free survival of 
these patients. We have reported" that immunized pa- 
tients showed a significant increase in the DCH response 
to autologous tumor cells compared with autologous nor- 
mal mucosa, used as a normal tissue control. Furthermore, 
no significant DCH responses against autologous tumor 
or mucosa cells were detected in a control group of non- 
immunized patients. The qualitative and quantitative dif- 
ferences in DCH responses to tumor cells and to normal 
mucosa cells suggest that the immunizations are tar- 
geted mainly to tumor-associated antigens, and that 
tissue-associated antigens play a secondary role. 

Correction to the Original Report' 7 

In 1985," we reported the preliminary clinical results 
with a mean follow-up of 28 months. In preparing the 
follow-up report on that work, we were made aware of 
oversights in the 1985 report that we now wish to correct. 
In 1985, we failed to state that there were patients ran- 
domized onto the trial who were later excluded as being 
ineligible. These patients are now listed to allow the reader 
to account for every patient randomized. In this final audit, 
eligibility criteria have been more rigidly defined, requiring 
source documentation for all reported data. Thus, some 
patients included in the original report have been reclas- 
sified as to their eligibility. These changes have resulted 
in a total of 42 eligible patients at the time of the 1985 
interim analysis, rather than the 40 patients reported. The 
net change of two patients results from the reclassification 
of six patients. The reclassified patients included two con- 
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trol patients who were later found to be ineligible and 
four treated patients who were reinstated. 

The trial was established as simultaneous studies for 
colon and rectal cancer patients. In the 1985 analysis, all 
patients were combined for analysis because of the small 
number of patients. With the reclassification and a more 
appropriate data analysis, the major conclusion of the 
1985 report is altered in that the apparent advantage of 
immunotherapy is limited to patients with colon cancer. 
There is no perceived benefit in rectal cancer patients. On 
July 31, 1984, of 27 colon cancer patients, 38% of control 
and 14% of treated patients had recurred and 23% and 
0%, respectively, had died. Of 15 rectal cancer patients, 
60% of control and 50% of treated patients had recurred 
and 0% and 10%, respectively, had died. Statistical analysis 
of such small numbers has little power to detect differ- 
ences, but the encouraging advantage in the colon cancer 
patients who received immunotherapy is suggested. 

This report updates that clinical trial with a total of 80 
eligible patients. It accounts for every patient randomized 
and elaborates on the methodology used for the entire 
trial. 

PATIENTS AND METHODS 
Patient Selection and Randomization 

Eligible patients were those with colon or rectal cancers extending 
through the bowel wall (Gunderson and Sosin" stages B 2 or Bj) or 
with positive lymph nodes (stages C, , C„ or C,) (Table 1) for whom 
adequate cells from the primary tumor were available. Rectal cancer 
was defined as any tumor involving or below the pelvic pentoneal 
reflection. Suitable medical condition to comply with the outpaucnt 
treatment protocol was required (Eastern Cooperative Oncology 
Group [ECOG] performance status 0 or 1). From 1981 until 1983, 
patients with a history of cancers controlled by surgery, chemotherapy, 
or radiation therapy greater than 5 years from entry into the study 
were considered eligible. Since 1983, to avoid any chance of confusing 
a recurrence from a prior cancer, patients with any prior cancer (except 
basal or squamous cell skin cancer) have been excluded. The issue 
of prior malignancies is the only change in the eligibility criteria as 
the study progressed. Resection of the tumors was performed at Johns 
Hopkins Hospital, Loch Raven Veterans Hospital, Baltimore City 
Hospital, St Agnes Hospital, and Greater Baltimore Medical Center, 
all in Baltimore. MD; University Hospital. Stony Brook, NY; Pen- 
insula General Hospital. Far Rockaway. NY; Northwestern Memorial 
Hospital. Chicago. IL; and Massachusetts General Hospital. Boston. 
MA These studies were approved by each hospital's human studies 
institutional review board before any patient was entered. Informed 
consent was obtained from each subject. Although patients were ac- 
crued from nine hospitals. 82% of the vaccine preparations^were made, 
and ASI patients treated, under the direct supervision of the princi- 
pal investigator (H.C.H.) at Johns Hopkins. Stony Brook and 
Massachusetts General. The remaining 18% were performed at 
Northwestern and Peninsula General, by personnel trained and 
quality-controlled by the principal investigator's staff, thus mimmmng 
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Figure 1 shows ^"^^SJal the institution of the 
Randomization was ctnuaHy conuw ^ 

principal investor f ™ ""J^SJi ^ cancer patients 

Surgical and Pathology Quality Control 

where quest.ons £ ve *°^ m ^f * *„ ^the lymphatic drainage 

Prtpomiton of Autologous Vaccines From Solid 
Primary Tumors 

... hnmfl coecimen was taken immediately to the 

^ data "»»™ » « «3«r~l Itasirc 

testing. 



Toble 1. Characteristic, of the AS! Treatment Group, 
(eligible potientt Q"*y) 



Immunotherapy 
(«-41) 



Control 
In -39) 



Characteristic 



Clinical Protocol 

Patients with tumors of ^^^SS^^ 
randomized postoperafvely e,ther to, «e£ *t «^ og 

attempted to screen al consenu ^ carcinoem- 

«— * or S^SE** — «"~» 

bryonic antigen (CEA) tests to toenuij pa 

tumor resection to auo* » rc induced by anesthesia and 

surgery. At 3 w4 .**~ ™* h ^ antigens to evaluate 

parents -jested ^^^^ purified pro tein 

mmU SK I sufficient cells were available, patients were 

rsSith^^ 



Age, years 
Mean 
Range 
Sex 
Male 
Female 
Race 
White 
Black 
Other 
location of primary* 
Right colon 
Left colon 
Redal 
Astler-Coller stage 
Colon 

Bj (transmural) 

B, (adjacent organ) 

C, (+node. not transmural) 
C 3 (B2 with +node) 

Cj (B3 with +node) 
Rectal 

B3 (transmural) 
B 3 (adjacent organ) 
C, (+node. not transmural) 
C a (B2 with +node) 
Cj tB3 with +node) 
Sire of primary, cm 
Mean 
Range 
Proximal margin, cm 
Mean 
Range 
Distal margin, cm 
Mean 
Range 
No. of +nodes 
(stage C only) 
Mean 
Range 
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36-80 
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15 
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20 
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10 




15 
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10 


2 


5 


9 


22 


8 


20 


0 


0 


0 


0 


5.2 




5.3 




3.0-10.0 




3.0-H.5 




15-4 




16.3 




2.4-40 








8.6 




6.8 




1.4-25 




0.5-18.5 




cells and mucosa was performed at 6 weeks. 6 ^ th ^^ a S 

formed at 6 weeks when possible. vaccina ,ion P« 

Treated patients received one mtradermal va « ,n 
fo ^"consisting of 10 viable, 
cellsand ,0'v«bleBCGorgamsms,asdeienmncd 
units. (Fresh-frozen TICE BOG was suppl.ed , 
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BJ30aL»i'V C i' c J'S 



Control 
(Resection 
only) 



Immunotherapy 
(4-5 week* 

postop) 



Control 
(Resection 
only) 



Immunotherapy 
(4- 5 weeks 

postop) 



Relapse 



S-FU Chemotherapy 



Survival 



5040R Pelvic irradiation 
(7-8 weeks postop) 



Relapse 



5-FU Chemotherapy 



Survival 

fig 1. SchemoforpostoperoHvecdiuvant ^'^ "'^""^ 

Son on *e right thigh, and the third in the right deltoid area. 
S u^er thigh site was chosen because of the large lymph node 
basin in the immediate drainage area. 
" On the days of vaccination, the frozen tumor cells were thawed 
" an?me vacdnes prepared according to procedures detaried prev.- 
0 l*-^e tumor cells were irradiated with 200 Gy before ad- 
miration Experience in the guinea pig model has shown that 
TnSondes^ 



Si 

CL 




41 AS! patients 



ni i i ni n i » 



39 no ASt patents 



— |— 
100 



I t4ASIp a< in u 



_i ni i i in 



23 no AS 



V 



Months sine* study entoy 

F, 9 2. Kaplan-Meier curve, for survival in the 80 eligible patient, 
(colon and rectal). The hazards ratio is 1.84 in «avor ot ASI but the 
two-sided P value is .088. ( ), ASI in oil curves; . control. 



Months since study entry 

Fia 3 Distribution of months to death in 47 eligible patients with 
colon concerto hoxards ratio is 3.97 in favor of ASI. The two-sided 

p value is .02. 

of the cells. The BCG was added and mixed with the tumor cells just 
before injection. . 

The patients were observed closely after each vaccinatum for er- 
ythema and induration at the site of injections, fever, 
Shy, or any adverse reactions. Since control patients did not receive 
a olacebo injection, blinding of the study was not possible. W.th only 

Both control and immunized patients were scheduled for mom- 
toring at 3-month intervals for the first 2 years, every 4 to 6 months 
for the next 3 years, and once a year after 5 years. Complete blood 
eel, counts. CEA, and tests of liver and renal function were tote 
nerformed at each visit Physical exam.nat.ons. .ncludtng stool 
gSa™ were also to be performed at each visit Chest x-rays were 
Lhedded at 6-month intervals, and liver scans and colonoscopy^ 
or S-contrast barium enemas were to be performed yearly. Most 
patients conformed well to the follow-up schedule. A documented 
histologic diagnosis by percutaneous or colonoscopic b.opsy or re- 
Zjn was required to confirm recurrence of tumor, except m 
cS of lung oVliver metastases with unequivocal 
chanees. Abnormal CEA levels alone were insufficient evidence for 
recXci ^hout histologic or other confirmation The date of re- 
ct^ence was listed as the date of the first abnormal test result that 

ckndidatesfor surgical resection. systemic chemotherapy, or infusional 
chemotherapy depending on the extent and srtes of recurrence. 

Statistical Analysis 

Statistical analysis used the Cox proportional hazards model in 
EGRET software (Statistics and Epidemiology R^ hC °^°"' 
Seattle. WA). Informal examination of theemp.ncal hazard function 
Sea es the validity of the proportional hazards assumption All P 

are two-sided and are based on a Wald 
coefficient in a Cox model that adjusts for stage (B or C). Bgures 
S 4 display the Kaplan-Meier estimates for the d.stnbu t on 
oS sfrviva. and the disease-free survival.*" Disease-free survival 
was defined as the time to a recurrence of any mahgnancy or death, 
censored at December 31. 1990 for living patients. 
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Months since study entry 



RESULTS 

:ss ^ — irr ^fi 

found to be ^J"£g%L***** 

c^- the R0 elieible patients, the median touow up i 
For the SU eugioic ^ > can _ 

lost to follow-up. 

Tumor-Cell Vaccines 
Tumor was dissociated and cryopreserved for -232 *> 

excluded three patients. The remaining yo 

soc ™s ..5 hours (range. ^^^.SS 
sociation to cryopreservation was 5.1 hours (range, 

9.0). 



The mean weight of the tumor tissue obtained from 

The dissociation produced a mean yield of 2.2 X 10 cells/ 
,1 (ran „ e 0 5 to 10.6 X 10 7 cells/g). A mean prefreeze 
^rf&^T. 69% to 98%) was obtained. After 
thaw ng the viability of the tumor cells ranged from 50% 
oT 8 % with a mean of 77%. Within these spec.hcd via- 
bUity percentages, no correlation was seen between post- 
thaw viability and outcome. 

Patient Characteristics 

Ninety-eight patients entered the trial and were ran- 
domW Signed to the immunotherapy or control groups. 
fovoZL patients withdrew before treatment and were 
Tos? to follow-up, leaving a total of 94 patients. A> .isted 
n TaMe2 14 randomized patients have been excluded 

cnnc ipavine 80 eligible patients. It should De notea 

r^XS«rib».e« between com** ™d 
™„™ (Table 2). Most of the inappropnate randotrnza- 

conferred by randomization. espeoallj ^ ™» h 
Ttet»»treatn»t^roupsweR^erl»r^ly»'"*' m,, ' 



Patients 



Treatment Group 
(no. o f potients) 

Treated Control 



Enrolled (100%) 
Excluded 
Withdrew before treatment 
Treated in error 
Wrong protocol (stage D) 
Ineligible pathology (stage D) 
Elevated (postoperative) CEA 
Previous cancers 
Dual primary 
Total excluded 

Eligible potients 



50 

4 

0 

0 

3 

2 

0 

0 

9 



48 



0 

2 

1 . 

3 
1 
1 
1 

9 



4 

2 

1 

6 

3 
1 
1 

18 



80 (87* 



ColorWCj 
Colon/Ba 
Colon/Bj 
Rectal/Ci 

Rectal/Cj 
Control patients 
Colon/Ba 

Rectol/Bj 

Rectol/C 2 
Rectal/C 2 

Rectol/Ba 
Rectol/Ca 
Rectot/Cj 
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v _ ^ _ x nee. location of primary tumor, 

' respect to age, sex, race, uk*uu • nr rectal sita/siooa 
♦vTinmr rtaee size of primary, extent of colon or recuu ^ — 

B /B Twere equally distributed between the groups. Two 
we're S Paints who failed to respond. Three were 
cTtrol patients, only one of whom failed to respond. 

k Protocol Violations 

As explained earlier, from 1981 until 1983, patients 

I wi^Snandes conuolled more than 5 years earner 

I ^« Sdered eligible. Since 1983, patients ; wi th any 

I' ZIZ Leer (except basal cell or squamous cell skin can- 

I SSS^S exduded. Only three patients with pnor 

f maCndes are included in the eligible study pat^ 

to their previous tumor. One patient had a prior early (B.) 
^Xrthatrecurredinthet^oftheQnghtcolon 

^rforwhichshev^enteredonprotocol.Thes^ 
™tSit had a prior squamous cell carcinoma of the pa- 
SSSlrf adenocarcinoma -t^tic to^e lungs 
Centering the trial with a B> rectal cancer. The third 
^ent had breast cancer treated with . > mastectomy £d 
radiation therapy 16 years earlier, but died cancer-free 5 

= years after entry for a Q colon cancer. 
• Protocolviolationsineligiblepatientsarelistedin Table 

3 These were related primarily to patients pursuing ad- 
ditional therapy outside of the protocol or refusing ; the 
recommended pelvic irradiation for rectal cancen Inter- 
Snglv there have been no pelvic recurrences in the four 

one treated patient who received only 22 Gy- The treated 
lient who received four vaccines had most of the first 
S£ leak from the syringe. One patient hadan unusu- 
ally intense reaction to her first vaccine and »»Mdno 
further vaccines. A second patient with an ,n*r* ^reaction 
had the BCG dose halved in the second vaccine. Two of 
Le colon cancer patients in the ASI arm whoj^v* 
abdominal irradiation in violation of the protocol show 
no evidence of disease, while the one such patienl .in ^the 
control arm has recurred. Since abdominal irradiation 
may decrease relapse rates, 3 this imbalance oleother- 
apy could affect the outcome in a small trial. These pa- 
tients with protocol violations are all included in the anal- 
ysis of eligible patients. 
Immunotherapy-Related Morbidity 
No serious side effects were demonstrated in the im- 
: munized patients. Since the therapy was conducted on an 
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Table 3. Protocol Violation* 



Violation 



Currant Statu! 



Abdominal RT 

Abdominal RT & chemotherapy 
Abdominal RT 



4 vaccines 
1 vaccine only 

V4 doje BCG in second vaccine 
22 Gy of RT 

RT started 8 days early 

Abdominal RT 

Refused postoperative RT 

Chemotherapy 
NoRT 

Refused postoperative RT 
Refused postoperative RT 
Refused postoperative RT 



NED 
NED 

Alive with 

hematologic 

malignancy 
Died of metastasis 
NED 
NED 

Died of pulmonory 

metastasis 
NED 

Alive with new 

primary 
Died of pulmonary 

metastasis 
NED 

Died of pulmonary 

metastasis 
NED 
NED 

Alive with pulmonary 
metastasis 



Abbreviations 



RT, radiation therapy; NED. no evidence of disease. 



outpatient basis, meaningful data relative to febrile re- 
« to the vaccine are not available. All patiente were 
Sed to keep their own temperature charts, but few re- 
corded more than a minimal elevation of temperature in 
the first 2 days after receiving the first two vaccines con- 
taining BCG. As expected, all patients developed a su- 
£rtcial ulceration at the sites of the first and second vac- 
ations containing BCG. The ulcers usually occurred 
around the third week, were 1 .5 to 2 cm in diamet* and 
usually healed within 3 months. Sixty percent developed 
palpable ipsilateral inguinal adenopathy. Ir > each ; case the 
adenopathy resolved within 3 months. Satellite uce* 
within 5 cm of the vaccine site occurred in two pat ents. 

resolved without any treatment. One patient had 
an exaggerated response to the first vaccine with indura- 
tion of 15 cm and 8 cm of central ulceration Jleal.ng 
occurred over a period of 3 months. She received no ad- 

ditional vaccines. . 

Liver and renal function tests were not altered by the 
immunotherapy. Total lymphocyte counts and absolute 
lymphocyte counts did not change significantly. 

Skin Test Reactivity 

Extensive skin test data on immunized and control pa- 
tient; have been published." Our published data on 24 
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immunized and 1 1 control patients with colorectal cancer 
include some patients from a stage D protocol. All patients 
reacted initially to at least one of the standard recall an- 
tigens There was no change in recall antigen reactivity 
in the follow-up period, except that all but one ofthe 
immunized patients converted to PPD-positive. The DCH 
response to autologous tumor cells compared with normal 
mucosa cells was increased significantly (P < .01) in that 
67% of the immunized patients showed a positive re- 
sponse but only 9% of nonimmunized patients tested 
showed positive reactivity at the comparable postoperative 
period There was not a similar boost to autologous mu- 
cosa cells in the immunized patients. In the adjuvant trial 
now being reported, 20 of the 41 immunized patients were 
tested preimmunization and postimmunization for DCH 
with autologous tumor cells and mucosa. Of these 20 pa- 
tients, 16 (80%) became positive: 86% of colon cancer 
patients and 67% of rectal cancer patients. 

Clinical Outcome 
In our prior interim report of this trial,' 7 colon and 
' rectal carcinoma patients were analyzed together because 
ofthe small number of patients. In this report, we analyzed 
the total population and, recognizing the postimmuno- 
therapy treatment difference for rectal cancer patients, 
performed a cohort analysis for colon and rectal carci- 

n °We considered two outcomes: survival and disease-free 
survival. In contrast to the 1985 interim analysis, the Cox 
model analysts provides no evidence of a treatment by 
stage interaction to support such a stratification by stage. 
Furthermore, the study is not powerful enough either to 
test the hypothesis of interaction or to compare treatment 
outcomes for patients separately within stages. Therefore, 
although the randomization was performed by stratifi- 
cation by stage, as well as site, the statistical decision was 
to view stage as dichotomous. . . j 

Table 4 lists the survival data for the 94 randomized 
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patients (colon and rectal, eligible and ineligible, with 
complete follow-up), as well as for the 80 eligible patients. 
All analyses were adjusted for stage. Among the 94 ran- 
domized patients with complete follow-up, 46 received 
ASI and 48 were in the control group. Deaths from all 
causes were included in this analysis. In the total popu- 
lation of patients randomized to ASI compared with the 
control group, the positive trend reported in 1985" con- 
tinues, but while the difference is impressive, it is no longer 
significant (P = -068). In the treated colon cancer patients, 
there was a significant survival advantage compared with 
controls (P = -026), with a hazards ratio of 2.83. 

Among the 80 eligible patients, 41 received ASI and 
39 were in the control group. Deaths from any cause were 
included in this analysis. Again, an overall positive trend 
is observed (? = .088), but the only significant survival 
difference (P = .02) was seen in the comparison ofthe 
ASI-treated colon cancer patients with the controls. The 
hazards ratio was 3.97. 

Figures 2 and 3 show the distribution (using Kaplan- 
Meier 20 estimates) of survival. The Cox regression model" 
was used to compare treatment groups. Figures 2 and 3 
depict the survival, respectively, for the 80 eligible patients 
combining colon and rectal patients and the 4, colon 

cancer patients. 

Disease-free survival rates among the 80 eligible patients 
are summarized in Table 5. These analyses are expressed 
as disease-free survival using recurrence of any malignancy 
or death. This conservative analysis is of interest, as we 
do not know if this approach to ASI is specific for colo- 
rectal cancer or might confer broader resistance to other 
malignancies. When the occurrence of any m; : .lancy 
or death was evaluated, there was a significant a.i.-rence 
among the colon cancer patients (J> = .039; hazards rat.o. 
2 67) (Fig 4) When the recurrence event included colon 
tumors only, there was a statistically significant difference 
between the treated and control colon cancer patients W 
= .03; hazards ratio, 2.97). . 
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ASI Treatment 



Control 



Typo of Rocurrerxe Tumor 

Any malignancy or death All 

Colon 
Rectal 



Recurrence or Deaths/ 
Total 



Recurrence or Deaths/ 
Total 


% 


P 


Hazards Ratio* 
(odjusted (or stage} 


Confidence 


23/39 


58.9 


.147 


1.58 




13/23 


56.5 


.039 


2.67 


1.05, 6.76 


10/16 


62.5 


.905 


1.05 




23/39 


58.9 


.112 


1.67 




13/23 


56.5 


.030 


2.97 


1.11. 7.94 


10/16 


62.5 


.905 


1.05 





primary or second colon All 
tumor or death Colon 
Rectal 



19/41 
8/24 
11/17 

17/41 
6/24 
11/17 



46.3 
33.3 
64.7 

41.5 
25.0 
64.7 



•A hazards ratio > 1 favors the treatment group. 

In Figs 3 and 4, it is apparent that late events (> 60 
months) are important in survival and disease-free sur- 
vival. The three late events in the treated group involve 
diagnoses of malignancies unrelated to the primary tumor 
(a second primary colon cancer and two hematologic ma- 
lignancies). In the control group, three of four late events 
were due to progression of the primary tumor and one 
was death due to a new primary tumor (renal cancer). 

DISCUSSION 

This report updates our previously published, prospec- 
tively randomized, controlled trial of ASI in colon and 
rectal cancer. 17 A statistical analysis of this small trial sug- 
gests therapeutic benefit from autologous immunization 
in patients with colon but not rectal cancer, although with 
such small numbers of patients we cannot conclude that 
ASI is of proven therapeutic benefit. 

That colon cancer patients appear to benefit while rectal 
cancer patients do not is of considerable interest. It could 
be that rectal cancers are intrinsically less immunogenic. 
We do not have sufficient data to confirm that hypothesis 
on the basis of DCH reactivity. We are concerned that 
the lack of ASI effect in rectal cancer patients could be 
related to the logistics of the pelvic irradiation. In the 
guinea pig model, the draining lymph nodes must be left 
intact for 2 1 days following immunization to develop suf- 
ficient immunity to destroy tumor. Rectal cancer patients 
started pelvic irradiation, including the draining lymph 
nodes, within a few days after completing immunization. 
It is possible that the lymph nodes targeted by immuno- 
therapy were destroyed by the irradiation before they could 
have a full impact on the immunologic response. 

We now have three lines of evidence that ASI has an 
immunologic impact in patients with colon cancer (1) 
we have previously reported a significant boost in reac- 
tivity (48-hour DCH) to autologous tumor cells in vac- 
cinated patients' 6 ; (2) we have reported the use of pe- 
ripheral-blood lymphocytes from these immunized 



patients as sources for the development of stable clones 
of human B lymphocytes that produce colon and rectal 
tumor-specific monoclonal antibodies 22 (lymphocytes 
harvested from the peripheral blood of unimmunized 
patients are less likely to contain cells that produce tu- 
mor-specific monoclonal antibodies); and (3) the sus- 
tained differences in clinical outcome between immu- 
nized and nonimrriunized groups of patients with colon 
cancer in our study are encouraging, even with the small 
numbers. 

How can we explain our modest gains in the face of so 
many past failures of attempts to control malignant disease 
by immune manipulations? A reappraisal of the past fail- 
ures in the light of current studies in experimental animal 
models may clarify the reason for the failures and suggest 
other new immunologic approaches. Our clinical protocol 
emerged from biologic principles derived from nearly 8 
years of investigation with the guinea pig line-10 hepa- 
tocarcinoma model. Studies in the guinea pig model 
demonstrated that BCG mixed with tumor cells is effective 
in inducing a degree of systemic tumor immunity capable 
of eliminating a limited disseminated tumor burden. Fur- 
ther studies demonstrated the feasibility of preparing tu- 
mor-cell suspensions from enzymatically dissociated solid 
tumors without loss of immunogenicity, a requirement 
for the preparation of human tumor vaccines. 14 It was 
possible in this model to demonstrate that allogeneic cells, 
dead cells, or cell components (antigen extracts) were not 
effective. It also was demonstrated that BCG components 
were not effective substitutes for whole viable BCG cells. 
Autologous tumor cells alone or BCG alone were not ef- 
fective. 

Past attempts at controlling colon cancer by immu- 
nologic means have used primarily nonspecific immu- 
nomodulators, none of which have significantly altered 
the course of the disease. Interestingly, the National Sur- 
gical Adjuvant Breast and Bowel Project protocol C-01 
reported a survival advantage in favor of BCG scarification 
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treatment over resection alone in patients with Dukes' 
suae B and C carcinoma of the colon." However, further 
nvStion disclosed that the survival 
«f RCGwas a result of a diminution in non-cancer-related 
£S£toft«n cardiovascular-related sequelae were 

human rials with tumor vaccines have had at 
.^"or vanadon from £ 
ZTv e for successful immune stimulation with ASI. Most 
tZ^aZor cells of low viability, an absolute pre- 
*«or rfTtdlure in our model. Such cells dtstntegrale rap- 
£SZ25 provide the — 

SSC"?on J orandrecipien,»..os»elcvacc,nes 

^"stincfp's the success of therapy is h> 

haTsu^ested that ASI can become a meaningful 

SStSSl chemotherapy or -f^J^^^ 
" 24 studies have shown that chemotherapy acts syn 
erdsticalW wtth ASI in the eradication of pulmonary mi- 
ergisucally wiui /vo of immunotherapy 

crometastases if a precise me chanism for 

and chemotherapy is followed. 
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this synergistic interaction appears to be an immune-me- 
diatedbrSkdown of the normal anatomic and vascular 
barriers in solid tumors, allowing greater access of blood- 
borne chemotherapeutic agents to the tumor odU. 

We are attempting to verify the potenual efficacy of 
ASI therapy through prospectively randomized stud.es 
lierway under the auspices of the ECOG using aSI » 
^adjuvant setting in Dukes' stage B and C color . cancer 
natients The Dukes' stage C study evaluating ASI alone 
haTbtn closed with adequate accrual for reliable assess- 
m^ndaccrualcontinueswithmeDukessUgeBcolon 

^ents A second phase III trial has been initiated com- 

advanced disease. With the recently reported benefits from 
aSnt 5-FU and levamisole," our adjuvant protocols 
have altered to include 5-FU and levatnisole ,n all 
DukeT^gc C colon cancer patients. This will give an 
.ntimal ^DOrtunity to determine the efficacy of AS in 
chemotherapy in the adjuvant setting. 
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